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Realistic simulation of your network or embedded computer system— 
quick results, no programming. 








NETWORK IL5 now predicts performance of 


computer-communication systems 
Free trial and, if you act now, free training 
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TN WORK II.5 uses simula- 
tion to predict your network 
performance. You simply describe 
your network and workload. 


Animated simulation follows 
immediately — no programming 
delays. 


Easy-to-understand results 

You get an animated picture of 
your network. System bottlenecks 
and changing levels of utilization 
are apparent. 

Seeing your network animated 
increases everyone’s understanding 
of its operation and builds confi- 
dence in your results. 

Your reports show response 
times, messages delivered, mes- 
sages lost, device utilization, and 
queueing statistics. 


Computers with NETWORK IL.5 

NETWORK IL.5 is available for 
most PC’s, Workstations, and 
Mainframes. 


Your network simulated 

You can analyze embedded or 
distributed computer systems, or 
other computer-communication 
networks. Industry standard proto- 
cols such as FDDI and IEEE 
Standard 802.X are built-in. Others 
can be modeled. 

You can easily study the effect of 
changing network parameters or 
even network protocols. 

You can simulate some portions 
of the network at a detailed level 
and others at a coarser level. 


Free trial information 

The free trial contains everything 
you need to tty NETWORK II.5® on 
your computer. For a limited time 
we also include free training —no 
cost, no obligation. 

Call Paul Gorman at (619) 
457-9681. In Europe, call Peter 
Holt, in The Netherlands, on 31 43 
670780. In the UK, call Nigel 
McNamara on 0276 671 671. 


| Free trial offer 


LC Yes, I want to see how NETWORK IL5 
quickly answers network performance 
questions. 





Limited offer—Act now for free training. 
Name 
Organization 


Address _ 


oy State Zip 





Telephone Fax 


_ OS es 


O Send details on your University Offer. 
Return to: Mie spec 
CACTI Products Company 

3333 North Torrey Pines Court 

La Jolla, California 92037 

Phone (619) 457-9681 Fax (619) 457-1184 

In Europe: 

CACTI Products Division 

MECC Business Center 

G. Martino Laan 85, 8th Floor 

6229GS Maastricht, The Netherlands 

Phone 31 43 670780 Fax 31 43 670200 

In the UK: 

CACTI Products Division 

Coliseum Business Centre 

Watchmoor Park, Riverside Way 

Camberley, Surrey GUIS 3YL, UK 

Phone 0276 671 671 Fax 0276 670 677 
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CACTI Products Company 


NETWORK ILS is a registered trademark of CACI Products 
Company. ©1993 
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MAY 3. China’s Ministry of 
Electronics Industry said it 
had chosen IBM Corp. to lead 
the nation’s Golden Bridge proj- 
ect, which will link some 500 
cities to a national information 
highway data network. The pro- 
ject is one of three initiatives 
designed to modernize China’s 
data communications and com- 
puting infrastructure. 


MAY 3. Computer Sciences 
Corp., El Segundo, Calif., said it 
had received an eight-year con- 
tract worth US $1.05 billion to 
provide information support for 
NASA’s Marshall Space 
Flight Center, Huntsville, Ala. 


MAY 6. Digital Equipment 
Corp., Maynard, Mass., said it 
would cut at least 20 000 more 
of its 92 000 employees within 
the next two years. 


MAY 9. AT&T Corp. said it had 
won a seven-year contract worth 
over $4 billion to modernize 
Saudi Arabia’s telecommuni- 
cations network. The project 
includes the installation of digital 
switching and optical-fiber equip- 
ment for 1.5 million phone lines. 


MAY 12. South Korea’s Sam- 
sung Electronics and Gold- 
star Co. announced that they 
would begin mass production 
of active-matrix liquid crystal 
displays next year. 


MAY 12. A team at IBM Corp.'s 
Almaden Research Center, San 
Jose, Calif., said it had developed 
a way to store 90 percent more 
video, music, or computer data 
on optical discs. The technique 
would permit several movies, or 
12 hours of music, or a million 
pages of text to fit in the 6.5 
gigabits of a single compact disc. 
The process involves gluing 
CDs into layered stacks, from 
which information can be 
retrieved by focusing the laser 
beam on the appropriate layer. 


MAY 12. Researchers at Nippon 
Telegraph & Telephone 
Corp., Tokyo, said they had dis- 
covered how to control a semi- 








Newslog 


conductor material’s tendency 
to “grow” orderly rows of 
microcrystals called quantum 
dots. Basically, the group con- 
densed a heavy-metal vapor 
onto a specially prepared galli- 
um arsenide crystal, which then 
grew a regularly spaced field of 
the tiny box-like microcrystals, 
each roughly one seventh of a 
micrometer wide. Then, by 
varying the composition of the 
GaAs crystal, the team found it 
could reliably control the micro- 
crystals’ size and spacing. The 
finding could transform the way 
ICs are manufactured. 


MAY 12. Shinsegi Mobile 
Telecom Co., Seoul, said it had 
selected four U.S. companies to 
share in a consortium to build 
South Korea’s second cellular 
network. The four are Pacific 
Telesis Group, Southwestern 
Bell, GTE, and Qualcomm. 


MAY 13. Bulgaria’s National 
Electricity Co. said it would 
invest a further $200 million to 
upgrade and make safer four 
Soviet-designed 440-MW reac- 
tors at the Kozloduy nuclear 
power complex. Kozloduy pro- 
vides 40 percent of the coun- 
try’s power and cannot be 
phased out until aternative 
power sources are secured. 


MAY 16. Japan’s Hitachi Ltd. and 
National Space Development 
Agency said they had developed 
a process for protecting standard 
semiconductor devices against 
radiation in space. In a test, the 
team covered a 32-bit micro- 
processor with a 1.2-1m film of 
silicon nitride, then exposed it to 
gamma rays. The prototype 
remained operational even after 
10 hours, whereas an untreated 
microprocessor begins malfunc- 
tioning after 6 minutes. 


MAY 17. The New York State 
Public Service Commission 
said it would allow Rochester 
Telephone Corp. to spin off a 
nonregulated unit to bundle 
and sell various telecommuni- 
cations services—if the telco 
allowed outsiders to offer local 





telephone service. Time 
Warner Inc.’s cable unit said 
it would start providing phone 
service to its customers in the 
Rochester area, linking its 
cable lines with Rochester 
Telephone’s local network. 


MAY 19. Bell Atlantic Corp., 
Philadelphia, announced plans to 
build an $11 billion commercial 
multimedia information network 
that will serve more than 8.5 
million homes in the Middle 
Atlantic region by the year 2000. 
The project aims to deliver in- 
teractive voice, data, and video 
services to one million homes by 
the end of 1995. AT&T Corp. 
will be the project’s primary sup- 
plier and contractor, and Gener- 
al Instruments Corp., Chicago, 
will supply set-top terminals and 
data-encryption gear. 


MAY 19. Intel Corp., Santa 
Clara, Calif., and General 
Instrument Corp., Chicago, 
said they had signed agreements 
with Tele-Communications 
Inc., Denver, Colo., and Rogers 
Cablesystems Ltd. of Canada 
to develop a means of transmit- 
ting computer data over cable 
systems at up to 30 Mb/s— 
more than 1000 times the rate of 
most modems used with phone 
lines. The goal: to deliver multi- 
media to PCs in the home. 


MAY 20. Southwestern Bell 
Corp., San Antonio, Texas, said 
it had asked Maryland’s Public 
Service Commission for per- 
mission to provide local tele- 
phone service to cable cus- 
tomers in Montgomery Coun- 
ty, Md., a Bell Atlantic Corp. 
region. The move would be the 
first assault by a Baby Bell on a 
sibling’s local phone business. 


MAY 24. GTE Corp., Stamford, 
Conn., which provides phone ‘ser- 
vices in 33 states, said it would 
build a video network linking 
seven million homes in competing 
with the cable industry. GTE 
Telephone Operations, Irving, 
Texas, expects to deliver broad- 
cast, cable, and interactive TV 
programming in 66 cities by 2003. 





MAY 31. Researchers at the 
Princeton Plasma Physics 
Laboratory announced that 
their Tokamak Fusion Test 
Reactor had produced a burst 
of 9 MW of fusion power in a 
magnetically confined plasma 
consisting of deuterium and tri- 
tium, a world record. Not only 
was output power much higher 
than the 6.2 MW produced by 
the last experimental run in 
December, but other fusion 
conditions—such as greater 
effectiveness of the magnets— 
also showed improvement. 


JUNE 2. Computer scientist 
Matthew Blaze at AT&T 
Bell Laboratories said he had 
uncovered a basic flaw in the 
Clipper chip, which the 
Clinton administration has been 
promoting as a way to allow law 
enforcement officials to eaves- 
drop on electronically scram- 
bled phone and computer con- 
versations. Blaze said a person 
with sufficient computer skills 
could use the Clipper technolo- 
gy to encode a message so that 
even the Government could not 
crack it. 


JUNE 7. Raytheon Co., 
Lexington, Mass., said it had 
joined a consortium of U.S., 
Japanese, and French companies 
to build field-emission flat-panel 
displays for both military and 
commercial uses. Members 
include Texas Instruments, 
France’s Pixel International, 
and Futaba Corp. of Japan. 


Preview: 
JULY 24-29. The Federal 
Communications Commis- 
sion (FCC), Washington, D.C., 
will begin auctioning off the pub- 
lic airwaves for: 10 radio licens- 
es for nationwide narrowband 
personal communications ser- 
vices (PCS); 600 licenses for 
interactive video and data ser- 
vices in metropolitan areas; and 
in December licenses for broad- 
band wireless PCS services. For 
more information, call the FCC 
Auctions Hotline, 202-418-1400. 
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L+25: a quarter century after the Apollo landing 


By DAVE DOOLING 

When the Apollo 11 rose into space, it was 
guided to the moon by a mainly pre-IC, 
onboard computer with only 36 kilobytes of 
memory. Even the rendezvous of the lander 





with the Command/ Service Module [designs 


shown at far right] employed a technique 
practiced only once before in lunar orbit. 
Some in the 1960s had 
also feared the dust on the 
lunar surface might 
swallow up both lander and 
astronauts, but the first 
footprint on the moon 
[upper left] shows why it 
did not: without air between 
the particles, the subsurface 
dust compacts efficiently. 
Back then, the United States § 
was racing against the 
USSR; in an early-'60s 
painting [lower left], those 
waving from the moon are 
Soviet cosmonauts, like the 
painter himself, Alexei 
Leonov, who in 1965 
became the first man to 
walk in space. 
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Hooray for the LEDs 
bright and blue 


By KENNETH |. WERNER 





The gradually evolving technology of light- 
emitting diodes has of late made a quantum 
leap. These semiconductor devices are 
usurping some of the slots that, till now, 
had been filled by incandescent lamps and 
cathode-ray tubes. 
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A Capitol experience 


By GEORGE F. SWETNAM JR. 

What would it be like for an electrical engineer to put his expertise to work in the United States 
Congress? This one tried it—as an IEEE Congressional Science Fellow. His reflections on his year as 
a legislative assistant are full of fascinating insights into how the U.S. government works. 
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Multimedia’s push into power ae control 


\s 





By KLAUS ZINSER and 

FLORIAN FRISCHENSCHLAGER 

Integrated with visualization and advanced 
document retrieval, this novel approach from 
Germany also enhances staff collaboration. 








| 49 Making pollution pay 


| By GLENN ZORPETTE 

Several years after its unveiling in U.S. 

legislation, emission-allowance trading 

seems to be floundering. Regulators and 
' utilities are blaming each other—and 

both may be partially right. 


53 The IEEE Field 
Awards 


For outstanding work in a multitude of 
technical fields, the IEEE honors 23 
engineers in 1994. 


56 Aperipatetic prodigy 
| goes home 


By GLENN ZORPETTE 

Mathukumalli Vidyasagar was 13 when he 
entered college, and 35 when he was 
made an IEEE Fellow. Now, after taking 
stock in midlife, he’s leading an Indian 
defense laboratory in Bangalore. 
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COVEL twenty-five years ago this month—on July 
20, 1969, at 10:56 p.m. EDT—men set foot on the moon 
for the first time. A look back on that historic start of an 
all-too-brief era of manned lunar exploration focuses on 
the impressive engineering tradeoffs underlying the feat. 
A look ahead stirs the apprehension that this or future 
generations may never again know the exhilaration of 
walking on alien worlds. Illustration by Mitchell Heinze. 

[p. 16] 
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Fire power 


I found the article “EEs in the boardroom” 
[April, pp. 20-26] well timed and en- 
couraging. In a recent reorganization at my 
company, E-Systems, Greenville Texas 
Division, all the aircraft modification engi- 
neering first-level and second-level elec- 
trical managers were demoted or let go. 
Prior to the restructuring, seven first-level 
electrical managers and one second-level 
electrical section manager led teams of EEs 
in the design of electrical systems for both 
commercial and military aircraft. Eight 
first-level mechanical managers and one 
second-level mechanical manager were re- 
sponsible for the design of both structural 
modifications and mechanical systems. 

The new engineering architecture 
consists of six first-level managers and one 
second-level manager. Each of these first- 
level managers now leads a product group 
consisting of mechanical, electrical, and 
structural engineers. All the leadership po- 
sitions were filled by members of the 
previous mechanical groups. 

It appears that the company did not 
believe that any of the electrical managers 
had the skills and abilities to lead a 
product/combined team. My question 
remains, “Why not?” 

Connie L. Gwin 
Greenville, Texas 


In “Layoffs should come last” [May, pp. 
52-55], Helen Gracon and Maureen Clark 
paint a false picture of employment and 
layoffs. As the experience of Digital 
Equipment Corp. and IBM Corp. has demon- 
strated, it is harsher to employees and to 
stockholders to pursue a “no layoffs” policy 
than to maintain employment at levels jus- 
tified by revenues. 

Also, U.S. firms should reject rather than 
emulate European employment policies. 
National laws that pamper employees and 
make layoffs a last resort have rendered 
European firms increasingly noncom- 
petitive. Those laws have also held back 
productivity growth for Europe’s workers. 
As a result, Europe suffers from chronic 
high unemployment, as well as inflated man- 
ufacturing costs. 

Management’s goal must be keeping em- 
ployees productive, not keeping employees. 
Changes in technologies and markets will 
continue to demand flexibility in em- 
ployment policies. Thus, both employees 
and managers should see layoffs as a con- 
structive, sometimes appropriate, response 
to the demands of the marketplace. 





As a resource-management strategy, 


Forum 


many firms (for example, Sun Microsystems) 
| hold employee head count low by keeping 
contractor head count high. Less en- 
lightened firms are increasing their flexi- 
bility by subcontracting tasks to workers 
they had previously laid off. For many ex- 
employees, being a contractor is more stim- 
ulating and rewarding than being employed; 
the only thing better than employment is 
self-employment. 

In a market economy, the employee is re- 
sponsible for being employable and em- 
ployed. No employee should surrender that 
responsibility to an employer, for the best 
employment security is holding, and honing, 
marketable skills and knowledge. 

David A. Nelson 
Kirkland, Wash. 


Am I the only one who thinks that 
somebody has multiple poles in the right- 
half plane? Please note the following two 
items in the March issue: 

P. 1, Newslog: JAN 11. Westinghouse 
Electric Corp., Pittsburgh, said it would lay 
off 3400 employees and a further 2600 
through attrition within the next two years... 

P. 68E, Recruitment advertisement: 
Westinghouse Science & Technology 
Center, for power electronics engineers. 

I understand that corporations are always 
on the search for “qualified” personnel, but 
cannot the infamous “circle-bar-W” find suf- 
ficient qualified personnel out of 6000 em- 
ployees? Methinks there is something 
rotten in Pittsburgh! 

Don R. Brown 
North Augusta, S.C. 


Of trees and tonnage 


In “The multimedia drive” [April, pp. 77-78], 
Richard Comerford stated that the 
Government Services Administration (GSA) 
saves 187 trees per month by not printing 
1.1 million pages a month. A single page of 
paper weighs 4.58 grams, so 2000 sheets 
weigh 20 pounds, by definition, for “20 Ib 
paper.” Then 1.1 million sheets weigh about 
11 000 bb. 

Is that 187 trees? Does a tree weigh 59 
Ib? Boy, trees are getting smaller than ever 
these days! 

Robert A. Pease 
Santa Clara, Calif. 


The author responds: Here is a more de- 
tailed breakdown. The GSA’s monthly 
telephone bill was 1.1 million pages long. 
The GSA required two copies, or 2.2 million 
pages, which were replaced by the WORM 








and erasable disk referred to in the article. 
The actual weight of the paper was 11 
tons (22 000 Ib). According to paper industry 


figures, it takes 187 trees to create 11 tons of | 
paper, which means that the portion of each | 


tree turned into paper weighs about 118 lb. 

To make that much paper, by the way, it 
also takes 27.5 barrels of oil and produces 
27.5 cubic yards of waste. Also, it took about 
750 cardboard boxes each month to deliver 
the set of invoices. 

For more information, the contacts are 
AT&T Corp.’s Susan Reiche, 301-608-5113, 
and David Kalstrom, Plasmon Data 
Systems, 408-956-9400. 


A solid education 


It was with some interest that I read Madhu 
S. Gupta’s column “In academe’s grungy 
groves” on the shortcomings of education 


[March, p. 16]. Gupta’s anecdotes caused me | 


to reflect on my own undergraduate expe- 
riences, which might provide an interesting 
counterpoint. 

I am a graduate of an engineering uni- 
versity unique in its concept: the United 
States Military Academy at West Point. West 


Point has taught engineering longer than any | 


other school in the country—since 1802. 
The teaching methodology used today is 
quite similar to that used in 1802. Senior 
Army officers, who are experts in their 
fields, form the core of the faculty. These 


senior officers are supported by outstanding | 


young officers drawn from the field army. 
No research takes place at West Point, and 
professors are not subject to the “publish or 
perish” philosophy. 

The result is a faculty devoted to its 


| students. The primary mission of all pro- 


fessors, from the department head down to 
the most junior associate professor, is 


teaching. The advantages of this structure can | 


be readily seen in its execution. When I was a 
senior, over half my classes were taught by full 
professors. Moreover, they presided at every 
single lecture and lab session. 

All my professors were more than willing 
to spend time with any student who needed 
it. I can recall countless times when in- 
structors stayed late to provide additional 
instruction. On many occasions, I saw pro- 
fessors in the labs late at night; on the 
weekends, and on holidays. These pro- 
fessors were not working on their own re- 
search—they were assisting students in the 
learning process. 

The outcome was that I received an ab- 
solutely outstanding education in engi- 
neering. I was told to push my limits, and 
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whenever I reached them, an instructor was 
there to extend them. When I wished to go 
off on a tangent to the instruction, I was 
allowed, even encouraged, to do so. Without 
a doubt, every single one of my classmates 
received a solid grounding in his field— 
because our instructors made sure we did. 

Granted, West Point enjoys a distinct ad- 
vantage because the core of our funding is 
provided by the government. Nonetheless, I 
owe much of my education to the faculty’s 
relentless pursuit of other sources of 
support, especially industry grants. I 
suspect that other universities could benefit 
equally from the generosity of non- 
government institutions, were their faculty 
to invest the needed effort. 

A strong argument against the West Point 
method is the fact that the university-gov- 
ernment-industry research connection has 
been responsible for the current position of 
the United States as the world leader in tech- 
nology. I would have to agree. It would not be 
a good thing if every U.S. school were to 
shun research. I do believe, however, that the 
current balance between scholarship and re- 
search is tilted badly to the research side— 
perhaps a case of too much of a good thing. 

Glenn C. Hollister 
Tokyo, Japan 





Does Gupta not realize that universities are 
no longer academic institutes but legitimate 
business enterprises where research and 
teaching are secondary to income gen- 
eration? After all, universities take only the 
very best students, who are not dependent 
on the lecturers’ teaching skills. Why waste 
valuable management and administration 
time in teaching? Besides, what do students 
think they are—fee-paying customers? 

I find it difficult to believe that a su- 
pervisor would allow a student to appear as 
the primary author in any publication. It is 
well known that the supervisor’s name is 
always first (whether or not he has read the 
paper). Moreover, most transactions are 
only read by those dedicated enough to 
wade through the spelling errors, gram- 
matical mistakes, and other such obstacles. 
This, by definition, considerably reduces the 
likelihood of such a paper being read by 
anyone in academic authority. Furthermore, 
if simultaneous publication gives the 
academic institute in question a better 
chance of obtaining grants, then that’s no 
less ethical than multiple new issue share 
applications, tax evasion, and other 
“creative” business practices. 

As for candidates possessing only a 
narrow focus and little background, what 
does Gupta want? Employees with well- 
rounded engineering skills and experience? 
If people with these abilities were available, 
they would almost certainly have chosen an 








alternative career to engineering academia. 
For this we should be thankful, as otherwise 
we would be in danger of these fellows 
telling our industrial sponsors how the job 
could be done in half the time at half the 
cost. Then where would our grants and pro- 
motion prospects be?! 

G. J. Monkman 

Regensburg, Germany 


To your health 


The readership might find a recent article 
from Health (“The Case of the Addled 
Electrician,” May/June 1994, pp. 122-125] of 
value. It described the predicament of an 
electrician whose blood was found to con- 
tain high levels of lead and who, as a result, 
experienced stiffness in his joints, tingling 
in his hands, and mental deterioration. 

After extensive testing and questioning, 
it was found that the man habitually chewed 
on the plastic coating of wire insulation. The 
chemical used to color the coating con- 
tained a great deal of lead. When he stopped 
chewing the plastic, his lead levels and 
general health returned to normal. 

While many EEs are theoretical types, I 
imagine that enough get hands-on contact 
to make the lead issue a possible legitimate 
concern. Although gnawing on a 6-inch 
length of insulation may not seem partic- 
ularly professional, in my experience it is 
common enough. 

Anthony Faulise 
Wethersfield, Conn. 


I wish to respond to three letters in the 
April Forum critical of Paul Brodeur and his 
book Currents of Death. He is described as 
an “environmental gadfly” who presents 
only “anecdotal evidence without a single 
reference to the literature”—not much was 
available in 1989—or who “rarely used 
refereed references.” However, the work of 
all U.S. scientists and institutions doing 
relevant work was referenced. 

Currents of Death does not pretend to be 
a scientific treatise, which the public would 
never read. It is a popularized account in- 
tended to arouse public awareness of an en- 
vironmental issue whose study was being 
impeded by powerful interests. Directly 
quoted testimony from public hearings 
gives a good picture of this opposition. 

Appropriate changes in utility wiring will 
ultimately cost billions of dollars. Sweden 
has begun the changeover. 

My original suggestion to supercon- 
ductor power engineers—to consider the 
effects of 60-cps magnetic fields on human 
health—still stands. 

John G. Sinclair Jr. 
Little River, Calif. 


The real issue is that there has generally 
been far more coverage in the popular press 








| 


than in the technical journals about the real 
or perceived health effects of long-term ex- 
posure to low-frequency magnetic fields. 
While the evidence is far from conclusive, 
many of us are concerned about the number 
of epidemiological studies that have in- 
dicated increased health risks associated 
with long-term exposure to electromagnetic 
fields. I understand that although extensive 
research is continuing, no definite results 
are anticipated in the near future. 
Therefore, it is important that all of the de- 
velopments be openly discussed, including 
research activities, the actions of utility com- 
panies and other industrial organizations, 
and any legislative actions being considered 
or implemented both in the United States 
and worldwide. This will enable us as pro- 
fessional electrical engineers to provide ra- 
tional advice on this controversial topic. 
Robert B. Fisher | 
Jamison, Pa. 


Logic triumphant 


As an adjunct to Jerome Peirick’s letter 
[March, p. 6] replying to an earlier letter 
[January, pp. 8-9], I wish to point interested 
readers to an article in The Atlantic 
Monthly (February, pp. 35-37]. It confirms 
Peirick’s argument: if B followed A, then it 
does not necessarily mean that A caused B 
(thus the Strategic Defense Initiative has 
not been proved to be a large factor in the 
collapse of the Soviet Union). 

In fact, the article cites evidence that the 
initiative actually prolonged the existence of 
the Soviet Union, directly contradicting 
Heembrock’s letter. 

Many congratulations are due to Peirick for 
his resolute application of engineering logic, 
even in a distinctly nonengineering domain. 

Seamus Dunphy 
Donegal Town, Ireland 
FE IIS SE, ET IETS. 


Corrections 


On pp. 70, 80, and 82 of the April issue, the 
800 number for PLI Inc., of Fremont, Calif., 
should have been 1-800-288-8754. 

On p. 21 of the May issue, credit for Fig. 
2 should have been given to the University 
of California, Berkeley Sensor and Actuator 
Center.—Ed. 
Readers are invited to comment in this department 
on material previously published in /EFE Spectrum; 
on the policies and operations of the IEEE; and on 
technical, economic, or social matters of interest to 
the electrical and electronics engineering pro- 
fession. Short, concise letters are preferred. The 
Editor reserves the right to limit debate on contro- 
versial issues. Contact: Forum, /FEE Spectrum, 345 
E. 47th St., New York, NY 10017, U.S.A.; fax, 212- 
705-7453. The e-mail (Internet) address is 
n.hantman@ieee.org. For more information, call 
212-705-7305 and ask for the Author's Guide. 
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gotiate right to the brink and on occasion, 


Hubris of a heavyweight 
Jef Raskin 





Steve Johs & The NeXT 
Big Thing. 
Stross, Randall E., 
Atheneum, New York 1993, 
374 pp., $24. 


Having worked closely with NeXT founder 
Steve Jobs, I had every reason to expect the 
NeXT computer to be a disaster. But until I 
read this book, I had no idea just how much 
of a disaster it really was. 

The story told is one of a colossal waste of 
time, talent, and money. Steve Jobs is de- 
picted as a charismatic but massively incom- 


| petent leader, lacking in management and 
| technical skills, to say nothing of elementary 
| social graces. The stupidities committed at 
| NeXT Computer Inc. are legion, and some 


atrocious decisions are recounted in sat- 
isfying depth. 

The recent past has seen a spate of books 
and articles on the history of high tech- 
nology. When they touch on events of which 
I have firsthand knowledge, they are often 
wildly inaccurate, full of oversimplifications 
and the occasional anachronism. Their 
authors generally skimp on research—well 
over half of the Silicon Valley “histories” and 
memoirs on my shelf have no notes or ci- 
tations at all. Therefore, my biggest concern 
about this book was how credible it would be, 
and on this score it compares reasonably well 
with others of the genre. 

Individuals whom I know personally are 


| recognizably portrayed; events in which I 


participated are usually recounted much as 
they happened. That said, there are errors 
and lacunae for which there is little excuse. 
But let’s look at the story first. 

Steve Jobs had two skills honed to unusual 
keenness. Stross relates that “it was 
uncanny how deftly Jobs knew what each 
person most would want to hear, hitting the 
right buttons, with visions of greatness 
combined with measured dollops of flattery 
(Hey, I hear you're the hottest designer on 
the planet’).” Jobs extracted millions of 
dollars from the Japanese company Canon 
Inc. and from Ross Perot—who appears 
more a fool than a potential U.S. president 
(“that sucking sound” turns out to have been 
Jobs working on Perot’s wallet). 

Jobs’s other skill was an instinct to ne- 
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like the coyote in the Road Runner cartoons, 
to cross just over the edge without falling. 
Unlike the coyote, however, Jobs ignored the 
abyss below, and as a result seemed blissfully 
unaware of how precipitous his fall could be. 
And fall he did, pulling down with him $250 
million in direct expenses at NeXT, plus the 
trust and/or money of employees, dealers, 
vendors, and customers. 

In the early days of Apple and NeXT, his 
negotiating ability obtained for those com- 
panies a clear financial advantage over less 
daring competitors. His ability to read 
people’s ambitions helped him snare stars 
who seemed beyond the reach of what were 
then start-up companies. 

On the other hand, some people took ad- 
vantage of Jobs’s delusions. One engineer I 
knew chose to work at NeXT after working 
with Jobs at Apple because, as he told me, 
“At NeXT, I'll get to play with whatever toys 
I want to—Jobs won't know the difference.” 
And he was right. 

The waste of money and distortion of pri- 
orities at NeXT boggle the mind. Stross tells 
it well and compellingly; a case in point is the 
story of how the computer’s provocative 
shape came into being. “Jobs was captivated 
by the idea of using a cube-shaped box to 
house the computer’s electronic innards, and 
like other ideas he embraced, no amount of 
contrary reasoning could force him to loosen 
his grip,” Stross writes. Jobs decreed that the 
cube would be 1 foot on a side (strange that 
he did not choose a more “with it” metric di- 
mension). Then he insisted upon giving an 
outside designer a free hand, paying him an 
exorbitant fee. 

Jobs and the designer seemed “oblivious 
to the possibility that NeXT’s prospective 
customers would be more interested in 
what the computer could do than in how its 
sleek shape gave it claim to a place in the 
Smithsonian,” and they decreed that the 
cube was to be as true a cube as mankind 
could make, with no draft to allow it to re- 
lease from the mold. 

Jobs also insisted the case be made of 
magnesium. Metal has its advantages, such 
as rigidity and electromagnetic shielding. 
But magnesium was a strange choice: it is 
dangerously flammable, far more expensive 
than plastic, and hard to mold to cosmetic 
quality. The complex mold the design re- 
quired cost $650 000, but left parting lines, 
which at first were removed by hand and 
later by a $150 000 robotic sanding machine. 
Magnesium is difficult to paint, and Jobs 
compounded the problem by insisting that a 
certain black be used—which would not 
adhere. 





Still, he was unyielding. “When underlings 








protested that specifications for the Cube 
contradicted the laws of physics, Jobs would 
wave the objections away,” Stross found. 
As expensive as the (eventually abandoned) 
box was, the amount was nothing compared 
to the sums thrown at the factory. “Machines 
were purchased, installed, and pulled out on 
Jobs’s whim,” Stross recounts. “All the as- 
sembly-line machines and robots at NeXT’s 
plant had to be repainted to match, just as 
Jobs had insisted at the Macintosh factory. He 
even demanded that the machines and robots 


be reengineered, no matter what the cost, so | 
that the circuit-board assembly line moved | 


boards from the right to the left, instead of 

the industry-standard from left to right.” 
Why? So that a certain balcony would 

give throngs of visiting customers a clearer 


view of the action. The customers, it turned 


out, never came. 
Jobs’s monomaniacal concern for ap- 


pearances turned everything he touched | 


into the antithesis of good design. Form did 
not follow function but was allowed to float 
unfettered. Those who saw the emperor 
had no intellectual clothes, so to speak, gen- 
erally kept their mouths shut; the few who 
spoke out lost their sinecure. Jobs was Zeus 
in his own pantheon, and those that did not 
acknowledge his godhead had no place on 
Mount Olympus. 


As good as Jobs was at landing people, he | 


had little idea of how to keep them. His pe- 
culiar lack of management skills was barely 


held in check at Apple. At NeXT, where he | 
was in sole charge, his capriciousness knew | 
no bounds. Stross tells of one hiree who, on 


his first day at work, did little but listen 
silently, like the other new employees, to 
Jobs’s_ orientation talk. Immediately 
thereafter, Jobs ordered him fired because 
he had decided that this person was not 
“smart.” 


Although such tales appall and astound, the | 
overall effectiveness of the book is un- | 


dermined by minor but annoying inaccu- 
racies. I am always surprised when a historian 
of contemporary events fails to talk to people 
involved in them. Though Stross describes 
himself as a historian, his book suffers from 
an ahistorical view of the industry and a jour- 
nalist’s hasty accumulation of unnecessary 
detail and errors. For example, the book that 
initially specified the Macintosh was called 
The Book of Macintosh, but Stross says it was 
the Macintosh Documents. There are many 
such unnecessary slips. 

There are big mistakes, too. “... Like Old 
Testament genealogy, every important de- 
velopment in personal computers traces 
back to this same single source”—Xerox 
Corp.’s Palo Alto Research Center (PARC), 
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(Continued from p. 8) 

founded in 1970. To be sure, PARC’s in- 
fluence was broad, deep, and beneficial, but 
it was by no means the “single source” of 
“every important development.” Stross’s 
blanket claim ignores the influence of Ivan 
Sutherland’s far earlier Sketchpad system; 
Douglas C. Engelbart’s prior conception of 
the mouse and windows; the fact that the all- 
important invention of the microprocessor 
itself did not take place at PARC; and that 
the people who created the early personal 
computers (Apple I, SOL, Poly 88, Imsai, 
Altair, PET, and so on) generally knew 
nothing of, and took nothing from, PARC. 

Historians whenever possible use 
primary sources, such as the published 
works, notes, memos, and letters of the par- 
ticipants in events; but Stross’s citations are 
almost all secondary, and thus he often per- 
petuates their errors. For example, he 
follows other sources in crediting PARC 
with giving Apple the idea of abandoning 
character generators and going to an all- 
graphic display architecture. Had he con- 
sulted primary sources, Stross might have 
uncovered the fact that this concept, as well 
as the computer’s human factors and “what- 
you-see-is-what-you-get” rationale, had been 
promulgated by one of Apple’s earliest em- 
ployees years before PARC was founded. 

Readers of this magazine may share my 
disappointment that there is no serious 
coverage of the solid computer science and 
engineering done at either Apple or NeXT. 
Like the many other authors of books on 
the history of the personal computer, Stross 
is apparently so attracted to the glitter and 
blinded by the money, intrigued by the 
business dealings, and fascinated by the ex- 
cesses of the personalities that technical 
achievements are barely mentioned. 

Is it because such episodes have little 
value when it comes time to sell the movie 
rights? The book follows the jinks and jibes 
of Jobs’s untutored and undisciplined mind, 
but does not articulate the design decisions 
that went into the noteworthy NextStep 
object-oriented operating system and 
NeXT’s pioneering work incorporating 
digital signal processing into a computer 
system. That part of the story, perhaps the 
most valuable of all, remains untold. 





Jef Raskin (raskinjef@aol.com) was a comput- 
er center director and professor at the Uni- 
versity of California, San Diego, but is best 
known for having created the Macintosh 
project at Apple. He named the new computer 
for his favorite kind of apple. A consultant, 
critic, and designer of human-machine in- 
terfaces, he writes and lectures extensively, 
working from his home in Pacifica, Calif. Also 
a composer of chamber music and scores for 
documentaries, his most recent publication is 
a three-volume set of recorder quartets. 





Using light to fight crime 
Terry Palmer 


i TT 











Like the shimmering and colorful object on 
its cover, this book’s title intrigues and 
puzzles. “What does the author define as a 
‘document’?” “Aren’t holograms used to 
deter counterfeiting?” “Why doesn’t the U.S. 
use holograms to protect its currency from 
counterfeiters?” “What other types of optical 
techniques may defeat counterfeiters?” 

Answers to these and other questions are 
to be found in this book, the first devoted to 
the use of optical techniques to counter 
forgery and counterfeiting. Readers hoping 
for exciting stories about dastardly for- 
geries and the brilliant techniques used to 
foil them will, however, be disappointed. 
This is a solid, sober, technical book on 
optics and forensic science written by in- 
ternationally renowned experts in docu- 
ment security. 

While intended for nontechnical as well as 
technical people engaged in document se- 
curity, the book cannot be fully appreciated 
without a one-semester college course in 
optics, backed by a two-semester, calculus- 
based introductory course in physics. All the 


same, nontechnical people working in the | 


field could probably glean a basic under- 
standing of most of these techniques by 
reading the overview chapters and scanning 
the remainder of the book. Both existing and 
proposed optical techniques to combat 
forgery and counterfeiting are covered. 


In ancient times, officials secured a | 
document against criminals by sealing it with | 


wax and stamping it with a crest. The Romans 
minted coins with legal markings to deter 
counterfeiters. As technology advanced, civi- 


lizations developed new methods of securing | 


their documents, banknotes, and paper 
currency, and of verifying the identity of indi- 
viduals. New types of documents were born. 
Today, birth certificates, death certificates, 
driver’s licenses, credit cards, and checks have 
all become cultural and social necessities. 

In the meantime, photographic and copy- 
ing equipment, scanners, computers, and 
laser and other kinds of printers have be- 
come inexpensive and ubiquitous. Predict- 
ably, criminals have exploited them. Photo- 
graphy, for instance, enabled criminals to 
make illegal copies of identification and 
other documents. Like the printing press 
before them, copiers have enabled criminals 
to replicate such documents, and paper 
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graphic display architecture. Had he con- 
sulted primary sources, Stross might have 
uncovered the fact that this concept, as well 
as the computer’s human factors and “what- 
you-see-is-what-you-get” rationale, had been 
promulgated by one of Apple’s earliest em- 
ployees years before PARC was founded. 

Readers of this magazine may share my 
disappointment that there is no serious 
coverage of the solid computer science and 
engineering done at either Apple or NeXT. 
Like the many other authors of books on 
the history of the personal computer, Stross 
is apparently so attracted to the glitter and 
blinded by the money, intrigued by the 
business dealings, and fascinated by the ex- 
cesses of the personalities that technical 
achievements are barely mentioned. 

Is it because such episodes have little 
value when it comes time to sell the movie 
rights? The book follows the jinks and jibes 
of Jobs’s untutored and undisciplined mind, 
but does not articulate the design decisions 
that went into the noteworthy NextStep 
object-oriented operating system and 
NeXT’s pioneering work incorporating 
digital signal processing into a computer 
system. That part of the story, perhaps the 
most valuable of all, remains untold. 


Jef Raskin (raskinjef@aol.com) was a comput- 
er center director and professor at the Uni- 
versity of California, San Diego, but is best 
known for having created the Macintosh 
project at Apple. He named the new computer 
for his favorite kind of apple. A consultant, 
critic, and designer of human-machine in- 
terfaces, he writes and lectures extensively, 
working from his home in Pacifica, Calif. Also 
a composer of chamber music and scores for 
documentaries, his most recent publication is 
a three-volume set of recorder quartets. 





for exciting stories about dastardly for- 
geries and the brilliant techniques used to 
foil them will, however, be disappointed. 
This is a solid, sober, technical book on 
optics and forensic science written by in- 
ternationally renowned experts in docu- 
ment security. 

While intended for nontechnical as well as 
technical people engaged in document se- 
curity, the book cannot be fully appreciated 
without a one-semester college course in 
optics, backed by a two-semester, calculus- 
based introductory course in physics. All the 
same, nontechnical people working in the 
field could probably glean a basic under- 
standing of most of these techniques by 
reading the overview chapters and scanning 
the remainder of the book. Both existing and 
proposed optical techniques to combat 
forgery and counterfeiting are covered. 

In ancient times, officials secured a 
document against criminals by sealing it with 
wax and stamping it with a crest. The Romans 
minted coins with legal markings to deter 
counterfeiters. As technology advanced, civi- 
lizations developed new methods of securing 
their documents, banknotes, and paper 
currency, and of verifying the identity of indi- 
viduals. New types of documents were born. 
Today, birth certificates, death certificates, 
driver’s licenses, credit cards, and checks have 
all become cultural and social necessities. 

In the meantime, photographic and copy- 
ing equipment, scanners, computers, and 
laser and other kinds of printers have be- 
come inexpensive and ubiquitous. Predict- 
ably, criminals have exploited them. Photo- 
graphy, for instance, enabled criminals to 
make illegal copies of identification and 
other documents. Like the printing press 
before them, copiers have enabled criminals 
to replicate such documents, and paper 
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currency, with less time and cost. The same 
technology that permits desktop publishing 
also, regrettably, allows for desktop forgery. 

As the text explains, document fraud is 
combatted by inspection at three levels. The 
first occurs with the actual transaction, as in 
the exchange of money between friends. 
This inspection is performed rapidly and by 
nonexperts. The other two levels are per- 
formed by trained individuals and more so- 
phisticated methods. Clearly, most forgeries 
must be detected at the first level and most 
of the techniques described in this book are 
associated with that level. 

First-level inspections, the book explains, 
should have six attributes. First, optical se- 
curity should permit easy recognition of the 
legitimate document. Second, a manu- 
facturer must be able to generate the 
document (with the particular optical se- 
curity technique) in large quantities and in- 
expensively. Third, the security technique 
must suit the document’s environment; on a 
dollar bill, for example, it must be completely 
functional throughout the bill’s useful 
lifetime, surviving the normal wear and tear, 
and perhaps even washing or dunking. 

Fourth, the technique should function 
under a variety of lighting conditions. Fifth, 
the technique should have no adverse effects 
on people or the environment. Finally, it 





should be recognizable by a machine. 





Obviously, different security techniques are 
appropriate for different types of documents, 
and some documents rely on a combination of 
techniques. The first use of novel optical se- 
curity techniques in detecting forgeries (as de- 
scribed in this book) was demonstrated in 
1970 by a team of researchers at the 3M Co., 
Minneapolis, Minn. These researchers used 
the physics of retroreflectors much as 
highway safety engineers use them. Highway 
road signs often have thin retroreflector films, 
which when lit by headlights, beam their in- 
formation back into the eyes of drivers. 

In similar fashion, the 3M researchers 
painted a thin, clear retroreflector film over 
a standard laminated identification badge. 
The thin film did not obscure the badge in- 
formation, and the badge turned black or 
displayed a company logo when illuminated. 

Since then, forensic scientists have 
pursued other optical security techniques 
that editor Rudolf L. van Renesse classifies 
as either variant or invariant optically. 
Optically variant techniques usually refer to 
those that rely on changes in color or ap- 
pearance as the viewing angle changes. 
Examples include iridescent threads, 
holograms, kinegrams, pixelgrams, and mul- 
tilayer coatings. They have been applied to 
such diverse documents as tickets to the 
Olympic Games, driver’s licenses, bank- 
notes, and passports. 





Officials at the 1992 Winter Olympics 
were concerned that tickets to events could 
be forged. After weighing several proposals, 
they settled on the idea of weaving iri- 
descent threads into the fabric of the ticket. 
Copies of the tickets were made on various 
color copiers, none of which could replicate 
the effects of the iridescent thread. 

The state departments of transportation 
in the United States are all concerned about 
forgeries of driver’s licenses. The State of 
California combats forgeries with various 
optical techniques, including a hologram. 
The technique is sophisticated enough to 
elude duplication by forgers. 

Kinegrams, a patented technique from 
Switzerland’s Landis & Gyr, exhibit motion 
and change color and intensity as a function of 
viewing angle. Many countries employ them 
as a method of securing their banknotes, 
passports, and other documents. Van Renesse 
shows the famous “OK Kinegram” in this 
book; others protect Austrian and Finnish 
banknotes; Saudi Arabian, U.S., Singaporean, 
and Bruneian passports; German, Benelux, 
Singaporean, and Schenegen visa stickers; and 
Italian police and Dutch ID cards. 

About that shimmering, unidentified 
object on the book’s cover: though the book 
never identifies it, I believe it must be a pix- 
elgram, a series of equally spaced pixels 
with varying grating periods that are etched 
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(Continued from p. 11) 

into a metalized surface. It has not been em- 
ployed in any commercial projects to date, 
though it appeared on Australia’s 1988 com- 
memorative $10 banknote. 

Optically invariant techniques do not 
change colors or depend on any tilting of the 
document to verify security. Some are old and 
well known, including watermarks, intaglio 
printing (thick ink pressed deep into paper at 
high pressures), and the use of special papers. 
The U.S. Department of the Treasury prints 
currency with intaglio technology on special 
paper. In addition, Treasury officials have 
mixed magnetic pigments with the ink for 
precise currency identification. 

Such techniques have evolved to 
counter increasingly sophisticated meth- 
ods of forgery and counterfeiting. Recent 
enhancements of intaglio technology 
enable printers to incorporate extremely 
fine lines in their documents. These fine 
lines are difficult for counterfeiters to 
replicate and are beyond the resolution of 
current scanners. 

Examples of lesser known invariant 
optical techniques include the application 
of phosphors and fluorescent chemicals, 
and the etching of patterns by laser en- 
graving. Van Renesse alludes to the fact 
that some currencies use phosphorescent 
and fluorescent fibers activated by ultra- 
violet light. 

I suggest the following enhancements to 
any future editions of this book. First, the 
authors should address a wider audience by 
giving more examples of practical appli- 
cations. Only document-security buffs, 
surely a tiny group, enjoy reading about 
clever security techniques with no known 
application. Second, for greater uniformity 
and less redundancy, the editor should get all 
the authors to follow the same format. 
Third, the book should close with a summary 
of the work and discuss future directions for 
this interesting and important field. 


Terry L. Palmer (M) is a Huntsville, Ala.-based writer 
and consultant on optics, computers, and education. 
He ts a former president of the Huntsville chapter of 
the Lasers and Electro Optics Society and is a 
member of several IEEE Societies. He has 17 years 
of experience in aerospace engineering and science. 
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999 pp., $65. 


McGraw-Hill Circuit Encyclopedia & Trouble- 
shooting Guide, Vol. 2. Lenk, J. D, McGraw- 
Hill, New York, 1994, 691 pp., $59.50. 


Information Modeling: The EXPRESS way. 
Schenck, Douglas A., and Wilson, Peter R., 
Oxford University Press, New York, 1994, 
388 pp., $60. 


Client/Server Computing: Architecture, 
Applications, and Distributed Systems 
Management. Elbert, Bruce, and Martyna, 
Bobby, Artech House, Norwood, Mass., 
1994, 352 pp., $69. 


Transmission Lines in Computer Engineer- 
ing. Rosenstark, Sol, McGraw-Hill, New 
York, 1994, 211 pp., $50. 


Optical Interconnection: Foundations and 
Applications. Eds. Tocci, Christopher, and 
Caulfield, H. John, Artech House, Norwood, 
Mass., 1994, 383 pp., $79. 


1994 IC Master Directory of I¢ Manu- 
facturer’s Data Pages. Howell, David M., et 
al., Hearst Business Publishing/UTP Divi- 
sion, New York, 1994, 796 pp., $84.50. 


Microelectronic Devices and Circuits. Fon- 
stad, Clifton G., McGraw-Hill, New York, 
1994, 686 pp., $60. 


Theory of Algebraic Invariants. Hilbert, 
David, Cambridge University Press, New 
York, 1993, 191 pp., $39.95. 


Dazzle ‘em with Style: The Art of Oral 
Scientific Presentation. Anholt, Robert R.H., 
W.H. Freeman and Company, New York, 
1994, 200 pp., $11.95. 


Applied System Identification. Juang, Jer- 
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SAVE $400! 


Visual Designer is a revolutionary software application 
development tool that doesn’t require programming. PC Data Acquisition, 




















Simply create your application by selecting from an 
extensive library of powerful function blocks, then 

connect the blocks with your mouse. With the press 

of a button, your application is running! Use Visual 
Designer over and over, job after job — getting your project 
completed ahead of schedule and under budget. Visua/ Designer 
functions include alarms, analog |/O0, data conversion, data generators, 
DDE transfer, digital |/0, displays, DSP algorithms, file |/0, logic, mathematics, 


Analysis, Display, and 
Control Software 










Version 2 


serial communications, timers, and X/Y plotting. Save $400 with this special +3988 

Version 2 introductory offer — normally $995, Visual Designer is just $595. “088 

But this is a limited time offer and expires September 30, 1994. Order today! ‘008 : 
WRBSIE 

Save $100 on hardware! COMPATIBLE 


Purchase your PC data acquisition board with Visual Designer and save $100. The popular 
PCl-20098C-2 features 16 analog input channels with up to 100,000 samples/second, a burst 
generator, 16 digital |/O0 channels, 2 counters, and many expansion options. Regularly $895, 
it’s just $795 when purchased with Visual Designer. This board also has a lifetime warranty! Add 
a complete set of analog/digital termination panels and cables for just $299. Limited time offer 


— expires September 30, 1994! 
CERTIFIED 


PHONE: (800) 685-9911, Operator 137 
FAX: Attention 137, (602) 573-0522 
MAIL: Intelligent Instrumentation, Inc., 

Order Desk 137, 6550 S. Bay Colony Drive 
Tucson, AZ 85706 
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that allows you to program four to 
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GUI toolkit for creating point and 
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rewrite your code every time you 
change machines. 
Join the elite group of 
more than 20,000 
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world who are saving 
time and money by using IDL. 

Call us for a free demo. 
303-786-9900 Fax 303-786-9909 
Research Systems, Inc. 


2995 Wilderness Place 
Boulder CO 80301 






*based on a survey of IDL users 
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Nan, Prentice Hall, Englewood Cliffs, N.J., 
1994, 394 pp., $65. 


1994 IC Master, Vol. 1: Selection Guides 
and Function Index; Vol. 2: Part Number 
Index/Guide Alternate Sources; Vol. 3: 
Advertisers Technical Data. Howell, David 
M., et al., Hearst Publishing/UTP Division, 
New York, 1994, 3000 pp., $180 plus $10 
shipping and handling. 


The Next Great Thing: The Sun, the Stirling 
Engine, and the Drive to Change the World. 
Shelton, Mark, W.W. Norton & Company, 
New York, 1994, 272 pp., $25. 


Handbook of Networking & Connectivity. 
Ed. McClain, Gary R., Academic Press, 
New York, 1994, 415 pp., $39.95. 


Digital Design Using ABEL. Pellerin, David, 
and Holley, Michael, Prentice Hall, 
Englewood Cliffs, N.J., 1994, 322 pp., $52. 


Object-Oriented Graphics Programming in 
C+ +. Stevens, Roger T., Academic Press, 
New York, 1994, 498 pp., $39.95. 


Communication Systems Engineering. 
Proakis, John G., and Salehi, Masoud, 
Prentice Hall, Englewood Cliffs, N.J., 1994, 
889 pp., $68. 


Cellular Radio Analog and Digital Systems. 
Mehrotra, Asha, Artech House, Norwood, 
Mass., 1994, 460 pp., $89. 


Perturbation Signals for System Iden- 
tification. Godfrey, Keith, Prentice Hall, 
Englewood Cliffs, N.J., 1993, 439 pp., $58. 


Virtual Reality ExCursions with Programs in 
C. Watkins, Christopher, and Marenka, 
Stephen R., Academic Press, New York, 
1994, 503 pp., $39.95. 


Galileo: A Life. Reston, James, Jr., Harper- 
Collins, New York, 1994, 336 pp., $25. 


An Introduction to U.S. Telecommunications 
Law. Kennedy, Charles H., Artech House, 
Norwood, Mass., 1994, 169 pp., $59. 


Project Management: Engineering, Technol- 
ogy, and Implementation. Shiub, Avraham, 








et al., Prentice Hall, Englewood Cliffs, N.J., 
1994, 634 pp., $66.67. 


SPICE Applications Handbook, 2nd edition. 
Hymowitz, Charles E., and Meares, Law- 
rence G., Intusoft, San Pedro, Calif., 1994, 
375 pp., $49.95. 


Mobile Antenna Systems Handbook. Eds. 
Fujimoto, K., and James, J. R., Artech 
House, Norwood, Mass., 1994, 617 pp., $98. 


Digital Image Processing Algorithms. Pitas, 
Ioannis, Prentice Hall, Englewood Cliffs, 
N_J., 1993, 362 pp., $55. 


Power System Stability and Control. 
Kundur, Prabha, McGraw-Hill, New York, 
1994, 1176 pp., $95. 


Cellular Radio Performance Engineering. 
Mehrotra Asha, Artech House, Norwood, 
Mass., 1994, 536 pp., $89. 


Toxic Substances in the Environment. 
Francis, B. Magnus, John Wiley & Sons, 
New York, 1994, 360 pp., $49.95. 


Graphics Programming 7 Animation. 
Jungck, Peder, Prentice Hall, Englewood 
Cliffs, N.J., 1994, 339 pp., $30. 


Smart Cards. Zoreda, Jose Luis, and Oton, 
Jose Manuel, Artech House, Norwood, 
Mass., 1994, 244 pp., $63. 


Usability Inspection Methods. Eds. Nielsen, 
Jakob, and Mack, Robert L., John Wiley & 
Sons, New York, 1994, 413 pp., $39.95. 


Using Microprocessors and Microcom- 
puters. Greenfield, Wray, Prentice Hall, 
Englewood Cliffs, N.J., 1994, 673 pp., $60.67. 


Power System Voltage Stability. Taylor, 
Carson W., McGraw-Hill, New York, 1994, 
273 pp., $55. 


Measure for Measure: A Musical History of 
Science. Levenson, Thomas, Simon & 
Schuster, New York, 1994, 293 pp., $25. 


Image Processing in C. Phillips, Dwayne, 
Prentice Hall, Englewood Cliffs, N.J., 1994, 
724 pp., $40. 
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Recent books 





Telecommunications and Signal Processing, 
2nd edition. Eds. Franca, Jose E., and 
Tsividis, Yannis, Prentice Hall, Englewood 
Cliffs, N.J., 1994, 572 pp., $58. 


Frontiers of Scientific Visualization. Eds. 
Pickover, Clifford A., and Tewksbury, Stuart 
K., John Wiley & Sons, New York, 1994, 284 
pp., $34.95. 


Markov Decision Processes: Discrete 
Stochastic Dynamic Programming. Puter- 
man, Martin L., John Wiley & Sons, New 
York, 1994, 649 pp., $79.95. 


The Greening of Industrial Ecosystems. Eds. 
Allenby, Braden R., and Richards, Deanna 
J., National Academy Press, Washington, 
D.C., 1994, 276 pp., $34.95. 


Real-Time Object-Oriented Modeling. Se/ic, 
Bran, et al., John Wiley & Sons, New York, 
1994, 525 pp., $44.95. 


Fundamental Issues in Strategy: A Research 
Agenda. Eds. Rumelt, Richard P., et al., 
Harvard Business School Press, Boston, 
Mass., 1994, 656 pp., $45. 


The Soul of the Enterprise: Creating a Dy- 
namic Vision for American Manufacturing. 
Hall, Robert, Oliver Wight Publica- 
tions/omneo, Essex Junction, Vt., 1993, 368 
pp., $18. 


Real-Time Optical Information Processing. 
Eds. Javidi, B., and Horner, J. L., Academic 
Press, New York, 1994, 536 pp., $99. 


Running Microsoft Access 2. Viescas, John 
L., Microsoft Press, Redmond, Wash., 1994, 
901 pp., $39.95. 


Client/Server System Design & Implemen- 
tation. Vaughn, Larry T., McGraw-Hill, 
New York, 1994, 224 pp., $45. 


Heterostructures and Quantum Devices. 
Eds. Einspruch, Norman G., and Frensley, 
William R., Academic Press, New York, 
1994, 452 pp., $120. 


Quantum Optics. Walls, D., and Milburn, 
GJ., Springer-Verlag, New York, 1994, 351 
pp., $59.95. 








Design Paradigms. Petroski, Henry, Cam- 
bridge University Press, New York, 1994, 
209 pp., $42.95 (hardcover), $17.95 (pa- 
perback). 


Electronics: A Top-Down Approach to 
Computer-Aided Circuit Design. Hambley, 
Allan R., Macmillan Publishing, Phila- 
delphia, 1994, 1270 pp., $53.25. 


Graphics Gems IV. Ed. Heckbert, Paul S., 
Academic Press, New York, 1994, 575 pp., 
$49.95, 


Biomagnetic Stimulation. Ed. Ueno, Shoogo, 
Plenum Press, New York, 1994, 136 pp., 
$65. 


Semiconductor Growth, Surfaces and Inter- 
faces. Eds. Davies, G.J., and Williams, R. 
H., Chapman & Hall, New York, 1994, 158 
pp., $49.95. 


Schematic Capture with PSpice. Herniter, 
Marc E., Macmillan Publishing, Phila- 
delphia, 1994, 324 pp., $27. 


Markov Models and Optimization: Mono- 
graphs on Statistics and Applied Probability, 
49. Davis, M.H.A., Chapman & Hall, New 
York, 1993, 294 pp., $49.95. 


The Manager’s Guide to ISO 9000. Ar- 
nold, Kenneth L., Free Press, New York, 
1994, 224 pp., $35. 


Competing hy Design: Creating Value 
and Market Advantage in New Product 
Development. Evhorn, Craig, and Stark, 
John, Olive Wight/omneo, Essex Junction, 
Vt., 1994, 276 pp., $40. 


Quantum Mechanics: For Engineering, 
Materials Science, and Applied Physics. 
Kroemer, Herbert, Prentice Hall, Englewood 
Cliffs, N.J., 1994, 639 pp., $67. 


Maple V by Example. Abell, Martha L., 
and Braselton, James P., Academic Press, 
New York, 1994, 500 pp., $39.95. 


Business Re-engineering with Informa- 
tion Technology—Sustaining Your Busi- 
ness Advantage: An Implementation 
Guide. Donovan, J., Prentice Hall, Engle- 
wood Cliffs, New Jersey , 1994, 224 pp., 
$15.95. 
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Info future needs more 
planning, say engineers 


More Government support for the informa- 
tion infrastructure is urged in a report by 
the National Research Council (NRC). The 
285-page “Realizing the Information Fu- 
ture” was developed by leading computer 
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scientists and engineers, who warn that 
without added effort by the Government, 
digital babble could ensue. 

So far, the Clinton administration’s involve- 
ment with the National Information Infra- 
structure (NID) has been mainly to create a 
vision of universal access to education, medical 
care, commerce, and so on. That is admirable 





time 
| Advise your friends 


Use technique$ of 
the Pros! 





e Practice Trading lets you practice a year 
of trading in a night; Stock Doctor is your 
broker and tracks your wins and losses. 


e Classic and Innovative Indicators 
computed from the price history predict 
future prices: Stochastics, MACD, Volume, 
Trend in Band, Seasonal, Velocity, 
Acceleration, Verg (a chaotic indicator), 
Versus (relative strength), Wavelets, 
Bandpass, Power, FIR Digital Filters, 
Perisistent Cycles. Fully documented! 


@ The author has a Columbia Computer 
Science Ph.D., a Harvard A.B. in Physics, 
and 14 years trading experience in stocks, 
mutual funds, stock options, and futures. 


Dee Nee to 


14T4 


sophisticated pric 
make important money in mutual funds 
| and stocks. Perfect for charting novices. 

Everything you need is included! 





e Stock Doctor™ lets ou use the most 


rt analysis to 


@ Chart daily, weekly, and monthly price 
histories of any stock or mutual fund. 
Update your price histories via modem 
with a full subscription to Worden 
Brothers’ TeleChart 2000™ data service 
(included!), the most cost effective 
updating service available. 


e Autosignal strategies automatically 
signal best times to buy and sell. See for 
yourself how a strategy fared in the past! 


e AutoParam automatically finds a 
top-ten list of the best strategies. 


















Circle No. 21 





but not enough, said the NRC panel chair, 
Leonard Kleinrock, a computer scientist at 
the University of California, Los Angeles. 
Unless steps are taken soon, the NII could be 
composed of duplicated infrastructures and 
services that do not work together. 

Bearing the imprimatur of the National 
Academy of Sciences and its sister Aca- 
demy of Engineering, the report says that 
Government should endorse the idea of an 
“open data network” and proposes a con- 
ceptual architecture. 

“Market forces alone will not necessarily 
get us to the right place,” said David Clark, 
who is a research scientist at the Massa- 
chusetts Institute of Technology in Cam- 
bridge. “Simple urging won’t work.” 

The open data network would build on 
the Internet’s strengths, but if it is to suc- 
ceed needs new approaches to networking 
and standards. Clark, who was instrumental 
in the Internet’s design and has helped plan 
the open data net, called the latter “a fairly 
significant intellectual contribution.” 

Basically, the model proposed is a four- 
layered architecture: the underlying bearer 
service; the transport services and repre- 
sentation standards; middleware services 
(like security, name servers, and electronic 
money); and the applications seen by users 
(teleconferencing, browsing, and so on). 

The bearer service would decouple ser- 
vice characteristics from technology, so that 
the incorporation of new technology would 
not interfere with applications. The inter- 
face would be open, so that many vendors of 
services and applications may compete. 

Though the panel did not address regu- 
latory or legal issues, it urged Government 
action in other areas, including an expanded 
role for the Department of Education in de- 
veloping networks for the precollege level. 

Copies of the report are available from 
the National Academy Press (800-624-6242 
or 202-334-3313). In addition, the report is 
to be available electronically through the 
Internet’s World Wide Web. 


DSS code blessed for unclassified data 


A controversial algorithm for protecting un- 
classified Government data has been ap- 
proved as the Digital Signature Standard 
(DSS) for all Federal departments, agencies, 
and their contractors. The terse announce- 
ment to reporters in May by the National 
Institute of Standards and Technology 
(NIST) mentioned nothing about the chal- 
lenges of patent infringement or the murky 
involvement of the National Security Agen- 
cy. So Spectrum had to ask. 

“The standard was issued without a full 
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An IEEE member 


we know reported... 


A colleague at work asked me 
why | belong to the IEEE. My 
first inclination was to respond, 
“habit,” but her persistence 
made me look deeper. 


As | started to talk about the 
publications, my Society [I’m 

@ power engineer), the IEEE 
conferences I've attended, and 
some of the local activities. ..| felt 
myself gelting more enthusiastic. 
In my work, | use IEEE standards. 
Thanks to local meetings, | have 
heard people speak to whom 

I would never have had access 
{and even had an opportunity 

to discuss their work and mine]. 

| have purchased a few IEEE — 
books, refer to my Computer 
Applications in Power magazine, 
and even carry the insurance. 


As | spoke with her, | was 
reminded why | became an 
electrical engineer in the first 
place — and what a large part 
the IEEE has played in my 
professional career. 


So, the next time someone asks 
me why | belong to the IEEE ~ 

| will say, “! couldn't afford not 
tol” | may have forgotten, but 
| value my IEEE membership: 
it’s part of being a professional. 


Do you feel that way too? 
Tell a colleague — 

and extend an invitation 
to join the IEEE. 
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Washington watch 





and complete resolution of the intellectual 
property issues,” replied Lynn McNulty, an 
associate director at NIST, Gaithersburg, 
Md. Nevertheless, the Government, he said, 
believes the standard will hold up in court 
and plans to intervene in any lawsuits on 
behalf of a Government contractor. 

The DSS, like techniques such as the 
commercial code-making method known as 
RSA, can verify the authenticity of an elec- 
tronic file or message and also the identity 
of the sender. But compared with some 
other methods, the DSS has an edge in that 
the Government will not charge royalties to 
users. In addition, being decoupled from en- 
cryption, the DSS theoretically poses no 
export problems. 

In recent weeks, DSS developments have 
been overshadowed by the Government’s 
encryption proposal for the Clipper chip. 
The DSS, also known as Federal Infor- 
mation Processing Standard 186, becomes 
effective on Dec. 1. For more information, 
consult the Federal Register of May 19. For 
nongovernment work, it may be wise to 
consult a lawyer before making use of the 
standard—or at least to wait until the pat- 
ent issue has been resolved. 


‘Paradise’ for inventors 


“The fruits of the human brain are an in- 
exhaustible resource” that the Clinton ad- 
ministration is trying to protect, said the 
head of the U.S. Patent and Trademark 
Office, Bruce A. Lehman, during an IEEE- 
USA Intellectual Property symposium held 
in May. 

Lehman is changing the incentives for 
his 1800 U.S. patent examiners to make 
the Patent and Trademark Office “an 
inventor's, not a lawyer’s paradise.” 
Accordingly, not only the quantity but also 
the quality of patents will be evaluated. 

Anne K. Bingaman, the Justice Depart- 
ment’s antitrust chief, said she is expanding 
her staff on intellectual property issues. 
“The protection of intellectual property 
...makes people go out and design a better 
mousetrap,” she said. 

As to prevention of piracy, there are “still 
numerous problems” overseas, according to 
Joseph Papovich, the U.S. Trade Represen- 
tative’s deputy assistant for intellectual 
property. But the means for addressing 
problems have been boosted, resulting in 
“tremendous improvement.” Papovich 
named China as the site of most of today’s 
piracy. India and Argentina are also coun- 
tries of concern, the latter only with re- 
Ogard to pharmaceuticals, he said. 

For more information on the event, 
contact IEEE-USA at 202-785-0017 





NSF aids city precollege science study 


Nearly 2.5 million students could benefit from 
awards presented in May to nine cities by the 
National Science Foundation (NSF). The $135 
million worth of awards is aimed at helping 
precollege students at urban schools get a 
better grasp of science, math, and technology 

Minorities supply most of the students in 
many cities—83 percent in Baltimore are 
African-American, while 79 percent in El 
Paso are Hispanic. Those two cities received 
awards, as did Chicago, Cincinnati, Dallas, 
Detroit, Miami, New York City, and Phoenix. 
All told, 25 cities were judged eligible for the 
Urban Systemic Initiative program, eligibility 
being determined by the number of a city’s 
school-age children living in poverty. 

Luther Williams, the NSF’s education and 
human resources’ chief, said that a key goal 
of the program is to “confront one of the 
most intractable education issues of our 
time—the disturbing and continuing per- 
formance gap” between largely minority 
urban and largely white suburban students. 

Begun last year, the program is seeking 
broad-based reforms, initiated by the cities, 
in curriculum and pedagogy, policy and bud- 
get. In May, for instance, New York City an- 
nounced new math and science graduation 
requirements for its 1.1 million students and 
is creating 250 cluster schools to emphasize 
math, science, and technology. 

Check the NSF’s Science and Techno- 
logy Information Service for details. E-mail 
a message to stisinfo@nsf.gov on the Inter- 
net, or call 703-306-1130 and ask for the 
STIS Flyer, publication No. 94-4. 





Five-year Federal R&D outlook: frosty 


That Government-sponsored R&D activi- 
ties are undergoing a “wrenching process” 
is no secret, and at a recent IEEE-USA 
symposium Lionel S. Johns further divulged 
how the Clinton administration currently 
views Federal funding of R&D. As asso- 
ciate director for technology at the White 
House’s Office of Science and Technology 
Policy, Johns coordinates technology policy 
among Federal agencies. 

The five-year appropriations freeze to 
which the Administration agreed last year 
means a declining R&D budget in real 
terms, Johns said. Agencies face tough 
funding choices: NASA, for one, foresaw a 
$19 billion budget as programs matured, but 
must now make do with around $14 billion 
annually. A revamping of the space station 
design reduced NASA management from 
1200 to 300 people, Johns said. 





John A. Adam Washington Editor 
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Reflections 








its are everywhere these 

days. Piles of old floppy disks 

litter my workroom. I have 

no idea what is stored on 

them anymore, but I’m afraid 
to throw them out. I keep buying new 
floppies because it is easier than erasing the 
old ones. 

I do the same with my hard drives. Every 
time I upgrade, I save the old drive 
somewhere. You never know when you'll 
need those old megabytes. 

My living room and car are also be- 
coming bit-dumping grounds. Hundreds of 
gigabits are stacked in neat little plastic 
packages containing audio compact disks. 
There are a lot that I never play anymore, 
but I can’t throw them out after having 
paid so much money for them. They make 
nice trophies. 

Now that my computer has gone mul- 
timedia, I am beginning to save CD 
ROMs. I believe that they contain fan- 
tastic material, but I have not actually had 
the time to confirm this belief. In any 
event, the disk jackets display marvelous 
pictures. 

The sheer size of my bit archive im- 
presses me. I can’t wait until the tele- 
phone and television are digital and I am 
hooked into the information superhighway. 
Everything important in life will be simply 
an assortment of bits—voice, music, mov- 
ies, data, and even money. My 1s and 0s will 
mirror my personality and worth. 

The wonder of it all is that these bits are 
among the most anonymous, most elusive 
entities in the universe. Bits weigh nothing, 
occupy no space, obey no physical law, can 
be created spontaneously from nothingness, 
and can be endlessly replicated. Each in 
itself is the merest quantum of the In- 
formation Age, yet taken together all those 
little 1s and Os are acting as if they were the 
most important force on the planet. And if 
you want indestructibility, then a bit is 
forever. 

Unlike Humpty Dumpty in the analog 
world, bits can be restored to perfection. 
For example, if Michelangelo had had the 
foresight to digitize his painting in the 
Sistine Chapel, then we wouldn’t be arguing 
today about what the colors are supposed to 
be. If Enrico Caruso’s voice had been dig- 
itized, its echoes would resound unchanged 
today. When the world crumbles, the bits 
will still be there. 

The Library of Congress is now be- 








A bit is a bit is a bit? 


ginning the task of digitizing its collection. 
Soon it will have the biggest pile of bits on 
the planet. On hearing of this plan, a ques- 
tioner asked whether it would then be quite 
easy to rewrite history. For example, a 
simple global change command could be 
used to substitute “Eurasia” for “Oceania,” 
so that Winston Smith’s job in Orwell's 1984 
would be a snap. Conversely, digital sig- 
natures and message integrity codes could 





freeze the history bits in their pristine form, 
thereby protecting the biases of the original 
authors. If you want info-perpetuity, the bits 
will oblige. 

Of course, the bits may be forever, but 
the medium in which they are recorded is 
quite a different matter. The physical world 
seldom deals in perpetuity. As a case in 
point, the 1970 U.S. census is recorded in a 
format that can be read by only two com- 
puters in the world. One is in Japan; the 
other is in the Smithsonian Museum. The 
physical recording medium and format 
come and go. The bits are still there, but 
they become inaccessible. Makes you ap- 
preciate paper. 

When I reflect upon these malleable yet 
indestructible quanta of information, I 
sometimes remember fondly the simplistic 
world of physics that I studied in high 
school. Electrons, protons, and neutrons 
made up everything, and the world was 
modeled as a billiard table. “Eight ball in the 
corner pocket,” I would say to myself while 
calculating some physical interaction. 

Now the physical world is all muddled up. 
I read the other day that experimental ev- 
idence for the last quark had been achieved. 
Thad not even known that one was missing, 





because I’ve lost count of all the strange 
particles that seem to exist these days. I 
lament the loss of that billiard table model, 
and this has set me to wondering about bits, 
too. Maybe they actually aren’t so simple 
either. Maybe bits have associated or hidden 
properties, and are really made of smaller 
info-quarks. 

I started musing about the hidden prop- 
erties of bits after a meeting that brought 
together telecommunications people and 
content people. The content people make 
the bits, while the telecom people use the 
motto, “You call, we haul.” 

To a telecom person bits are identical. 
After all, a bit is a bit. With the digitization 
of media it doesn’t matter whether a bit 
represents speech, data, or video; they’re 
all the same. What could be different 
about one bit? 

It turned out that the content people 
were angered at this attitude. They 
argued that all bits are not created equal. 
One content person pointed at another. 
“My bits are better than his bits,” he 
shouted. “My bits are more valuable, 
more carefully crafted, and more individ- 
ualized. His bits are misleading and poorly 
wrought. How dare you treat all bits as 
equal! Only a network-centrist telephone- 
head could take such a position.” 

Even in the network I have doubts about 
the equality of bits. At a switching node the 
bits compete to join queues. One bit raises 
its hand. “I know that I look like all those 
other bits,” it says, “but I must get through. 
I’m part of a television picture, and if I don’t 
arrive in exactly...[the bit checks its 
wristwatch] 3 milliseconds, then the picture 
will break up. This bit next to me... [the bit 
points disparagingly] is e-mail. It has all day 
for delivery. We're really quite different, you 
know.” 

To add to the confusion, neighboring bits 
will carry different prices. It will probably be 
like airline seats. Video bits will have to be 
cheap. If they are priced like voice bits, then 
no one will be able to afford video. Maybe 
there will be frequent flyer miles and 
weekend discounts for bits that qualify. So 
you see, bits really do have different per- 
sonalities and different needs. Maybe they 
are in fact composed of info-quarks. 

So is it true that a bit is a bit? I’m not 
sure, but whatever they may be, I sure have 
a lot of them! 


Robert W. Lucky 
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July 16, 1969, 9:31:45 a.m., EDT 
NASA LauNncH ConTROL (KENNEDY SPACE CENTER): 
‘T-minus 15 seconds...’ 


ime makes it too easy to remember only 

the great events of history and to forget 

the opportunities and pressures that made 

things possible or, perhaps, inevitable. 

Memories of Apollo often start with U.S. 
President John F. Kennedy, just four months after 
his inauguration, issuing a challenge he had not 
anticipated. 

“Kennedy came into office without a space 
agenda,” recounted John Logsdon, director of the 
Space Policy Institute at George Washington 
University, Washington, D.C., and author of The 
Decision to Go to the Moon. “He was inclined to 
find areas to cooperate with the Soviets, and 
directed NASA [National Aeronautics and Space 
Administration] and the State Department to find 
programs where we might cooperate.” But sev- 
eral events closed the path toward cooperation 
while opening the road to the moon. 

Before Kennedy’s presidency, the Soviet Union 
had already chalked up stunning successes in space. 
It had been first into space with Sputnik 1 in 1957 
and the first to the moon with the Luna 2 probe in 
1959. And on April 12, 1961, Russian cosmonaut Yuri 
Gagarin made a single orbit of the earth. 

In non-space arenas, too, the USSR had 
embarrassed the United States. In 1960, 
the Soviets had shot down Francis Gary 
Powers’ U-2 spy plane over the Ural 
Mountains during a photographic mission. 
Then in mid-April 196], a U.S.-backed 
attempt to topple Cuba’s communist gov- 
ernment failed in the Bay of Pigs invasion. 

Public reaction to all those events, plus Kennedy’s 
own forward-looking attitude, “convinced him that 
[the United States] had to win in an arena where the 
other side threw down the gauntlet,” Logsdon said. 

Kennedy did not immediately aim for the moon, 
but commanded in an April 20, 1961, memorandum: 
“Find me a space program which provides dramatic 
results in which we can win.” 

At Kennedy’s direction, Vice President Lyndon B. 
Johnson, also chairman of the Space Council, 
solicited opinions from two military officers and 
Wernher von Braun, former chief designer of 
Germany’s A-4 (V-2) rocket and then director of 
NASA’s Marshall Space Flight Center in Huntsville, 
Ala. “We do not have a good chance of beating the 
Soviets to a manned ‘laboratory in space,’ ” von 
Braun replied. However, “we have an excellent 
chance of beating the Soviets to the first landing of 
a crew on the Moon.” Moreover, it would demon- 
strate to the world what then-Vice President 
Richard Nixon had tried to tell Soviet Premier 
Nikita Khrushchev during the Kitchen Debate in 
1959: that U.S. industrial might was greater. 

In the weeks leading to the moon-landing decision, 
advisors assured Kennedy that most of the tech- 
nologies and industrial capacity were available. The 
key task would be to integrate them into a new sys- 
tem. It was, Logsdon recalled, “a cold-blooded deci- 
sion” devoid of the passion that had fueled centuries 
of human aspiration to travel to other worlds. 

Thus, on May 25, 1961, with only the 15-minute 


| suborbital hop by astronaut Alan Shepard in the 
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logbook, Kennedy confidently stood before a joint 
session of Congress and pronounced his famous 
challenge: “I believe that this nation should com- 
mit itself to achieving the goal, before this decade 
is out, of landing a man on the moon and 
returning him safely to the earth. No single 
space project in this period will be more 
impressive to mankind, or more important for 
the long range exploration of space; and none 
will be so difficult or expensive to accomplish.” 

Eight years later, Kennedy’s goal was achieved: 
on July 20, 1969, Apollo 11 astronauts Neil A. 
Armstrong and Edwin E. (“Buzz”) Aldrin Jr. 
became the first humans to set foot on the moon— 
and then they, along with third crew member 
Michael Collins, were returned safely to the earth. 


July 16, 1969, 9:31:48 a.m., EDT 
Launcu ConTrov: ‘Guidance is internal. 12, 11, 
NO O Set 

The ancient yearning to go to the moon had just 
started to take physical form in the 1920s and ’30s, 
when modern rocketry was born. In January 1939, 
before Europe fell into war, the Journal of the 
British Interplanetary Society released its design 
for a “Lunar Space-ship” and brashly proclaimed: 
“A voyage to the Moon is possible at this moment.” 

The crucial aspect of the British Interplanetary 
Society study was that it used technol- 
ogy then available, thus making part of 
the public believe that landing humans 
on the moon might indeed be possible 
right away. It asserted that “if but a 
fraction of the money thrown away on 
armaments had been devoted to this 
purpose, the lunar trip would be an his- 
torical fact by now.” 

In 1951, Wernher von Braun, then working in 
the United States, and several colleagues pro- 
duced a grand plan for a three-ship, 50-man, six- 
week mission to the moon. In 1952, von Braun 
wrote a detailed article for Collier’s magazine, 
and later collaborated with Walt Disney’s studios 
ona “Tomorrowland” special, all to convince the 
public that the journey was possible. 

Throughout the 1950s, all studies and propos- 
als for manned lunar landings were highly con- 
ceptual. But after Sputnik ], it was time to apply 
engineering reality. On Oct. 25, 1960, NASA 
awarded Martin Co., General Electric, and General 
Dynamics US $250 000 contracts to study Project 
Apollo, a proposed program for a manned space- 
craft that would orbit the earth and, eventually, the 
moon. But President Dwight D. Eisenhower, 
whose administration focused primarily on national 
security aspects of space flight, saw no need to con- 
tinue manned space flight beyond Project Mercury, 
and did not plan to fund Apollo. 





July 16, 1969, 9:32:00 a.m., EDT 
LauncH ContrRoL: ‘Ignition sequence starts, 6, 5, 
4, 3, 2, 1, zero. All engines running. Liftoff.’ 

Of the three study contractors, General Electric 
Co.’s Missile and Space Vehicle Department in 
Philadelphia was the most forthcoming in dis- 
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cussing its designs. At a 1961 American Astronautical 
Society conference, George Arthur, GE’s manager 
of advanced manned space systems engineering, dis- 
cussed an array of design options, many based on 
GE’s entry vehicles for warheads and spy satellites. 

“We are now at a point in our technological devel- 
opment where engineering problems in lunar vehi- 
cle design rather than broad concepts occupy much 
of the time and effort of the technical community,” 
Arthur wrote in 1961 “Numerous studies and exper- 
imental work, both classified and unclassified, indi- 
cate clearly that manned flight to the moon is both 
feasible and practical. In addition it appears today 
that no technological breakthrough is required to 
accomplish this. What is required, however, is a log- 
ical progression of the engineering state of the art.” 

The three contractors’ reports were delivered on 
May 15, 1961, just 10 days before Kennedy’s speech. 
Everyone knew something was in the wind. Even 
though the contracts did not call for landing designs, 





‘First designer 


“A voyage to the Moon is possible at this 
moment.” The statement seemed brash when 
implied by President Kennedy and NASA in 
1961, but it was more so in 1939, when it was 
published by the British Interplanetary Society, 
London, in its plans for a “Lunar Space-ship.” 
“The BIS Space-ship was the first design of 
its kind,” said Arthur C. Clarke, interviewed by 
telephone from his home in Colombo, Sri 
Lanka. “It stands up well to Apollo 11.” Clarke 
was a member of the BIS Technical Committee 
that designed the Lunar Space-ship long before 
his science fact and fiction writings helped per- 
suade the public that the BIS was right. 
The BIS Technical Committee was formed in 


February 1937 to show “how a vessel may be 


constructed to carry a crew of two 
{later three] safely to the Moon; per- 
mit their landing for a stay of 14 
days; and provide for their safe 
return with a payload of half a ton.” 
The committee limited itself to avail- 
able technology and dedicated itself 
to extensive design work. Clarke, 
then 21 and a BIS member since 
1935, calculated lunar trajectories. 
‘The fruit of their labors, published 
in the Journal of the British Interpla- 
| netary Society in January and July 
1939, would have stood 30 meters tall and 6 
_Mmeters across, amassed 1.1 million kilograms, 
and used 2490 solid rocket motors fired by a com- 
plex wiring arrangement, similar to that of a tele- 
phone switchbank. 
_ The requirements for liquid propellant pumps 
seemed impossible, but “we thought it could be 
done with solid rockets,” Clarke said. The com- 
mittee deduced that inertial navigation was 
needed and introduced the vertical landing con- 
cept, but admitted that landing legs were the 
weakest part of the design: “Any suggestions re 
the design of shock absorbers would be most 
welcome,” it pleaded in the Journal. 
In terms of public relations, the BIS Lunar 
Space-ship was highly successful: people from 


18 


Arthur C. Clarke 


Australia to the United States had begun talking 
about the actual possibility of a manned voyage 
to the moon. Such discussions and articles, 
then and into the 1940s and ’50s,” prepared the 
public mind for it, so they knew it wasn't all 
Buck Rogers,” Clarke noted. 

The post-World War II era saw rocket studies 
expand in the wake of the capabilities demon- 
strated by the V-2 rocket. In a long 1946 lecture, 
“The Challenge of the Spaceship,” later published 
as a book, Clarke predicted that the first guided 
missile would hit the moon around 1950 (it was 
1959), but that chemical rockets would keep 
humans from making the trip until 1970. “Any 
chemically fueled spaceships will be unwieldy, 
fabulously expensive beasts with fuel consump- 
tions measured by the thousand tons for a sin- 
gle voyage,” Clarke wrote in the September 1946 

issue of the Journal of the British 
Interplanetary Society. The Saturn V 
propellant load for Apollo 11 was 
triple that. 

When men did first set foot on 
the moon in 1969, Clarke watched 
from the CBS television studio at 

Kennedy Space Center in Florida, 
F_ where he helped news commenta- 
w= tor Walter Cronkite cover the 


“~~ event. 
Still ahead of what the rest of the 
world considers probable or possi- 
ble, Clarke feels that lunar travel might be made 
easier by the discovery, through NASA's 
Clementine lunar orbiter, of large quantities of 
water ice at the moon’s south pole, which would 
be a source of cryogenic hydrogen and oxygen for 
propellant. South polar ice mines revolutionized 
the economy of the moon in The Hammer of God, 
Clarke's 1993 novel (Bantam, New York) about 
mankind struggling to divert a comet on a colli- 
sion course with the earth. 

This month, Clarke will have as his house 
guest George Mueller, the NASA associate 
administrator for manned space flight during 
Apollo; the two will watch as comet Shoemaker- 
Levy 9 collides with Jupiter on July 16—the 25th 
anniversary of the launch of Apollo 11. 








each of the studies outlined a possible approach. 
Ironically, none of the study contractors built any 
of the Apollo hardware. On Nov. 27, 1961, NASA’s 
Source Evaluation Board gave highest ratings to 
Martin Co., Baltimore, Md., for those portions of 
the spacecraft that would carry the crew through 
everything but the lunar landing itself. The next 
day, top NASA managers overruled the board and 
picked North American Aviation Inc.’s Space 
Division in Seal Beach, Calif., on the basis of its X- 
15 rocketplane and military aircraft experience. GE 
was later selected as the Apollo mission integration 
contractor. General Dynamics Corp.’s Astronautics 
Division in San Diego, Calif., had no direct role. 


July 16, 1969, 12:16:16 p.m., EDT 

(Mission elapsed time 2:44:16) 

The Saturn V third stage fires a second time to 
send the crew to the moon. 

APOLLO: ‘Hey Houston, Apollo 11 This Saturn gave 
us a magnificent ride....It was beautiful.’ 

For many years the chief concern had been the 
behemoth that would launch a mission to the 
moon. NASA described the kind of vehicle that 
would be needed when it outlined “Nova—A 
manned lunar rocket” at the 10th International 
Astronautical Congress in 1959, in London. Nova 
was to be 220 ft tall and 60 ft wide, and generate 9 
million pounds of thrust at liftoff to send a two- 
man lander to the moon. 

The actual trip, though, was achieved with a 
taller and slimmer vehicle, the Saturn V. Its lin- 
eage can be traced back through Russia’s 
Konstantin Tsiolkovski, the United States’ Robert 
Goddard, and Germany’s A-4 team. Under U.S. 
Army sponsorship in the 1940s and ’50s, the A-4 
begat the Redstone and Jupiter ballistic missiles. 
Eight Jupiter engines topped by propellant tanks 
built with tools used to build Jupiter and Redstone 
tanks yielded the Saturn I rocket, derisively nick- 
named “cluster’s last stand” at a time when getting 
one liquid engine to work was a challenge. 

But work they did, and that encouraged the 
Huntsville rocket team to develop a larger Saturn 
vehicle. This Saturn V was powered by a cluster of 
five of the Air Force’s F-1 engines; started in the 
1950s by North American Aviation’s Rocketdyne 
Division in Canoga Park, Calif., each F-1 engine pro- 
duced 15 million pounds of thrust, as much as the 
entire Saturn I. In 1960 the Saturn rocket programs 
became the core of the work done at NASA’s 
Marshall Space Flight Center in Huntsville, Ala. 

The Saturn V inspired countless stories that 
hinged on superlatives: with the Apollo spacecraft, 
it stood 365 ft tall and weighed 6.4 million pounds 
at launch. The S-IC first and S-II second stages 
were 33 ft in diameter, while the S-IVB third stage 
was 21.7 ft wide. In the S-IC first stage (built by 
Boeing Co.’s Launch Systems Branch, New 
Orleans, La.), five F-1 engines generated a record 
7.65 million pounds of thrust for 2 minutes, 40 sec- 
onds. The F-1’s intense yellow-white flame came 
from RP-1 (refined kerosene) and liquid oxygen 
propellant. The S-II second stage (built by North 
American Aviation) was powered by five 
Rocketdyne J-2 engines, which burned liquid 
hydrogen and liquid oxygen. The S-IVB third 
stage (built by Douglas Aircraft Co., Huntington 
Beach, Calif.) used one J-2 engine. 

“Without excellent hydrogen engines, we could 
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not have made it,” said Ernst Stuhlinger, former 
associate director at Marshall Space Flight Center 
and a member of the A-4 team. Von Braun had con- 
sidered hydrogen too dangerous; research had 
started only in 1956, and the first practical engine did 
not fire until November 1961. But Abe Silverstein, 
director of NASA’s Lewis Research Center, 
Cleveland, Ohio, convinced von Braun that hydrogen 
engines could work. “Von Braun seized upon the 
possibility with enthusiasm,” Stuhlinger continued. 

While hydrogen solved the energy budget, it 
introduced new problems, including aluminum 
tanks that became porous when cooled to —253° 
C (20 degrees above absolute zero). Marshall got 
around that hitch, and also pioneered the heliarc 


| welding that joined panels of the tanks with pre- 
| cision. The Saturn V’s S-IC first stage alone had 


three-quarters of a mile of fusion welds. 
The Saturn V achieved the right trajectory to the 


| moon with a guidance system descended from the 


A-4’s (V-2 rocket’s) gas-film—bearing gyroscopes. 
These evolved into the ST-90 inertial platform used 
on the Army’s Jupiter, and finally into the Saturn 
V’s ST-124M. During first-stage ascent, it employed 
a simple tilt “at this time, this angle” scheme. Above 
the thick layers of atmosphere, both second and 
third stages used adaptive guidance that recom- 
puted the best trajectory every second. All of the 
Saturn V’s guidance system, computers, and major 
electronics were incorporated in a_ single 
Instrument Unit (built by IBM Federal Systems 
Division, Huntsville, Ala.) atop the S-IVB stage. 
One of the keys to getting Apollo off the ground 
on time was the decision by NASA associate admin- 
istrator George Mueller to do an “all up” unmanned 
test of the entire vehicle and spacecraft with the first 
Saturn V launch. “The Germans [at Marshall] 


| couldn’t believe it,” said former deputy administrator 


Robert Seamans. “They were sure this was crazy.” 

Mueller’s logic was direct and seductive. 
Marshall had planned a series of flight tests vali- 
dating the first stage, then adding the second, then 
the third, and finally the spacecraft. Yet, to collect 
valid flight data, the upper stages had to be filled 
with liquid oxygen and hydrogen, not water. So as 
long as the tanks are filled, Mueller reasoned, why 
not have engines and fire them? And why not use 
areal spacecraft? Even if something fails, a lot can 
be learned just by getting everything to the pad. 

The Marshall team bought the concept, and on 
Nov. 4, 1967, the first Saturn V—designated AS- 
501—boosted the unmanned Apollo 4 spacecraft 
high enough to reenter the atmosphere at speeds 
approaching a lunar return. It was a complete suc- 
cess and recouped more than a year of the work 
lost to various problems, including the January 
1967 Apollo 1 fire that killed three astronauts. 

Still, Marshall’s conservatism paid off in other 
areas. The Saturn V’s payload capability allowed 
the Apollo spacecraft to be 50 percent heavier 
than was originally planned. 


July 17, 1969, 12:16:59 p.m., EDT 

(Mission elapsed time 26:44:59) 

The crew makes the first midcourse correction, 

slightly refining Apollo’s trajectory toward the moon. 
Once outside the earth’s atmosphere, the 


| spacecraft is subject to the gravitational effects 


not only of the earth but also of the moon and the 





| sun; thus its orbit and trajectory are mathemati- 


Dooling—L+25, a quarter century after the Apollo landing 


Countdown to Apollo 


1926, March 16 


1939, January 


Robert Goddard launches first liquid-propellant rocket. 


| British Interplanetary Society announces “I “Lunar Space- ship” design. 





1942, June 13 
"4951-52 


4953, February 


First A-4 is launched (fielded in 1944 as V-2). 
Wernher von Braun and colleagues develop moonship concepts for 
Collier's magazine. 
| Charles Stark Draper demonstrates Space Inertial Reference 


Equipment (Spire) on B-29 flight from Boston to Los Angeles. 





National Aeronautics and | Space Administration (NASA) i is formed. 
‘Nuclear submarine U.S.S. Triton completes first circumnavigation of 
the globe using Shipboard Inertial Navigation System (SINS), 


| First submerged launch of Polaris ballistic missile is made from U.S.S. 
George Washington; the missile used the Mark |I Inertial Measurement 
Unit, on which the Apollo Inertial Measurement Unit was based. 

NASA issues a request for proposals to study the feasibility of Project 


|Us.1 President John F. Kennedy s seeks commitment toa moon landing. 
First Saturn | is launched: at the time, it was the world’s largest launch 


‘| Lunar Orbit Rendezvous is selected as Project Apollo’s flight plan. 
Central Committee commits the USSR to a manned moon landing. 








1968, Sept. 15-21 | 


LL 
Oct 11-22 


| Gemini 6 came within inches of Gemini 7 and matched velocity and 
position to orbit in formation around the earth, demonstrating the first 


The unmanned Luna 9 spacecraft hard-landed on the moon with the first 
television camera, which returned pictures of the surface for three days. 


‘Surveyor | becomes the first spacecraft to make a soft landing on the 
moon, revealing that the lunar soil would indeed support an astronaut; 


| 1957, Oct. 4 | Sputnik tis launched 
1958, Oct. 1 ind Space Ad 
1960, May 10 
| | | developed for ships carrying dupiter ballistic missiles. 
duly 20 
Set 13 ues z 
ae _| Apollo to orbit men around the earth and then the moon. 
| | 1961, April 12 Yuri | Gagarin c orbits the earth in Vostok t 
__ May 25 ntJ 
Oct. 27 
8 vehicle and it demonstrated clustered engines. 
(962,Juy5 | endezvo 
| 1964, Aug. 13 ‘omn 
| 1965, Dec. 15 
___| space rendezvous. 
1966, Feb. 2 
june2 | be he firs 
| 
| _| tt returned 11 237 photos over the next seven months. 
| 1967, J Jan, 27° ____| Apollo 1 fire kills three astronauts. 
April 23 Soyuz 1 flight ends in ‘the death of one cosmonaut. 
Nov. 4 


The unmanned Apollo 4 spacecraft is carried into earth orbit in the 
first launch of a Saturn V, fully demonstrating the launch vehicle and 
Command/Service Module. 


The unmanned Zond 5, which sent a variation of the manned Soyuz 
spacecraft around the moon and was recovered on the earth, was taken 
in the West to be a demonstration of the USSR’s manned lunar program. 


| Apollo 7, which tested all Command/Service Module systems in earth 
orbit for 10 days, becomes: the first manned Apollo mission. 





Dae 2-27 


Apollo 8, the first manned mission to orbit the moon, validates 
Apollo’s guidance, navigation, and control system. 





1969, Jan. 14-18 


1972, Dec. 7-19 | 





crew transfer method for manned lunar mission. 





~~ Feb.21 _| First Soviet N-1 rocket, designed for manned lunar missions, is destroyed 
70 seconds after liftoff. 
“March 3-13 | Apollo 9 tests the Lunar Module in earth orbit. 
~~” May 18-26 | Apollo 10 demonstrates lunar landing mission down to 9 miles above. 
the moon’s surface. 
_— July20 | Apollo 11 makes the first man ed lunar landing. 





| Apollo 17 makes the sixth and last manned lunar landing. 


Source: various NASA publications; TRW/ Space Log; Charles Stark Draper, Inertial Guidance 


Soyuz 4 and Soyuz 5 rendezvous and dock in earth orbit, demonstrating 





cally insoluble, because no simple equation can be 
written for three or more gravitationally interact- 
ing bodies moving through space. Again, the Cold 
War arms race provided technology for repeatedly 
recalculating the trajectory en route. 

In the 1950s, Charles Stark Draper at the | 
Massachusetts Institute of Technology’s (MIT’s) | 
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Instrumentation Laboratory in Cambridge developed 
an integrating computer called Spire (Space Inertial 
Reference Equipment) that determined speed and 
position, and demonstrated it aboard a B-29 bomber 
in a 1953 coast-to-coast flight. Further advances 
were made with the Navy’s development of the 
Shipboard Inertial Navigation System (SINS) for 
ships carrying Jupiter missiles. On May 10, 1960, 
SINS was used in the nuclear submarine U.S.S. 
Triton to complete the first underwater circumnay- 
igation of the globe. Draper’s laboratory then devel- 
oped a miniature version of SINS for the Navy’s 
Polaris ballistic missile, which replaced the risky ship- 
board Jupiter ones. The Polaris Mark II inertial mea- 
surement unit became the heart of the Apollo guid- 
ance system. 

The Mark II inertial measurement unit was a 


| 12.5-inch sphere weighing 42.5 Ib and enclosing | 
three 2.5-inch diameter gyroscopes and three 1.6- 


inch diameter accelerometers (one for each axis, x, 


y, and z). The unit integrated the vehicle’s motions 


to produce a net signal indicating how far it accel- 
erated in what direction. But where Polaris was 
designed for a flight lasting a few minutes, Apollo 
had to operate for up to two weeks. 

Norman Sears, former assistant Apollo manager 
at MIT, said that moving the inertial measurement 
unit from Polaris to Apollo “did not represent that 





great a challenge,” though the team did have to 
extend the system’s reliability. (It took three ven- 
dors to make gyro bearings that lasted, and extreme 
measures to ensure cleanliness of the brominated 
fluorocarbon in which the entire gyro floated.) 
Weight was shaved, and a sextant and a scanning 
telescope were added for navigational updates. 
Still, not everyone was persuaded the system 
would work until designer Draper wrote Seamans to 
“volunteer for service as a crew member on the 
Apollo mission to the moon.” He added: “Let me 
know what application blanks I should fill out.” 


July 20, 1969, 1:44:00 p.m., EDT 
(Mission elapsed time 100:12:00) 


In lunar orbit, the Eagle (the Lunar Module) | 
undocks from the Columbia (the Command&er- | 


vice Module). 
Eacte: ‘The Eagle has wings.’ 

The original NASA contract that North Amer- 
ican won was for most of the Apollo spacecraft: 
the cone-shaped Command Module (CM), in which 
the three astronauts would ride from liftoff to 


splashdown, and the Service Module (SM), which | 


would carry fuel cells, control rockets, and other 
systems. A lunar landing stage for the entire 
Command/Service Module with all three astro- 
nauts was to be contracted for separately. 
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What happened to the other runner? 


Hours after Apollo 11 landed, the USSR's unmanned Luna 15 soil sam- 
pler crashed onto the moon. In the years following, the Soviets claimed 
they had never been in a race to the moon—until g/asnost loosened 
restrictions, the USSR fell, and Soviet space program memoirs and arti- 
facts went on the block at Sotheby's in late 1993. The newly available 
documents showed that, indeed, the Soviets had been in a moon race 
and fell by the wayside. With such a head start, how did they lose? 

“Simple—Korolev died too soon,” said James Oberg, a Houston- 
area space engineer and long-time observer of the Soviet/Russian 
space program. (In 1974 he won the National Space Club’s Goddard 
History Essay Award for “Russia Meant to Win the Space Race.”) 

In fact, the USSR's problems were more extensive than the loss of 
Sergei Korolev, the chief designer of Rocket Cosmic Systems, whose 
identity was kept secret until his death in 1966. “Their space pro- 
gram was hopelessly inefficient, counterproductive,” Oberg continued. 
Everyone's efforts went into currying favor with those who could make 
arbitrary decisions, he contended. “The Soviets were so enmeshed 
in their own delusions that they had no feedback loop or concept of 
success beyond [international] headlines.” 

First, headlines were made by the SS-9 Sapwood missile. Its 1957 
launch of Sputnik 1 was meant to demonstrate that the Soviets could put 
a nuclear warhead anywhere. But neither Eisenhower nor Khrushchev 
anticipated the public reaction to the first artificial satellite. 

Having thus instigated a space race, the Soviets adopted a strat- 
egy of picking U.S. goals they could achieve and bypassing the rest, 
Oberg explained. The strategy succeeded for a few years. The “last 
first” of significance was the landing of Luna 9 on Feb. 2, 1966. Two 
months earlier, the U.S. mission where Gemini 6 and Gemini 7 
maneuvered to within inches of each other in earth orbit had demon- 
strated rendezvous, which would be needed for a lunar mission. 

By that time, the Soviets had realized that Kennedy's decision to go 
to the moon had not died with him: the United States was cutting 
metal and flying Saturn rockets. Belatedly, on Aug. 3, 1964, the 
Central Committee of the Communist Party made the moon the offi- 
cial target of the USSR. But the Soviets lacked the teamwork to keep 
up with the United States. “Because they knew everything could be 
flopped [by a political power shift], energy was poured into achieving 
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Such a design could serve two 
schemes for getting to the moon: 
Direct Ascent (launching straight 
from the earth for a direct landing 
on the moon) and Earth Orbit 
Rendezvous (going first into orbit 
around the earth to assemble the 
spacecraft that would then head for 
the moon). 

That configuration fit what every- 
one expected. And that worried John 
Houbolt, a dynamics engineer at 
NASA’s Langley Research Center in 
Hampton, Va. “I said, ‘That’s brute 
force,” Houbolt recounted. “Intui- 
tively I felt that’s not the way to do 
it.” Thus started a battle to get a fair 
hearing for the Lunar Orbit Ren- 
dezvous concept: putting the Apollo 
spacecraft into lunar orbit and then 
dropping only a small lander carrying 
one or at most two astronauts and 
designed solely for the trip to the 
surface and back to rendezvous with 
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Source: NASA 
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the rest of the spacecraft in lunar 
orbit. 

Four options had been available 
for the moon trip. Besides Direct 











the desired decisions instead of organizing a team,’ Oberg said. 

Perhaps the greatest shortcoming was Valentin Glushko’s refusal to 
participate when Korolev won the lead role. Glushko denied Korolev’s 
team access to valuable engine designers and test stands. As a result, 
their N-1 moon rocket was never fully tested before its first launch. 

The N-1 was almost 17 meters wide (10 meters for the Saturn V) and 
110 meters tall, including spacecraft (compared with 111 meters for 
the Saturn V). The N-1's 30 first-stage engines would generate 10.2 mil- 
lion pounds of thrust (the Saturn V generated 7.8 million pounds). It was 
topped by a two-man Lunova Orbitalny Korobly (LOK) lunar orbiter, 
based on the manned Soyuz spacecraft, and the one-man Lunova 
Korobly (LK) lunar lander. 

Once in lunar orbit, a cosmonaut would board the LK by spacewalk. 
Using the “lunar crasher’ approach, the stage that injected the two space- 
craft into lunar orbit would also slow the LK to within 2 km of the lunar sur- 
face and then be dropped, giving the LK another minute to make the final 
approach with its own engine. After a brief exploration of the surface, the 
cosmonaut would return in the LK to the LOK, again using the landing 
engine (a backup was provided). Although all the elements of the system 
were tested under the all-purpose Cosmos and Zond designations, nei- 
ther the spacecraft nor the N-1 launcher proved reliable or durable. 

The N-1 “was a pile of rockets built by various agencies [that] 
designed in isolation” from each other, Oberg noted. The N-1 booster 
blew up during its first launch—the first time its entire first stage had 
fired—on Feb. 21, 1969. “The cosmonauts were bitterly disappointed,” 
Oberg said, “but it's just as well that no one had to bet their life on 
it... They privately said they were relieved.” Although Oberg is con- 
vinced that “the Russians would probably have been able to make it 
work, eventually,” eventually never came. After the fourth and last N- 
1 failure on Nov. 23, 1972, the Soviets gave up and focused on the 
Salyut and Mir series of space stations, leaving Oberg and others to 
dig like archaeologists for the truth about the moon race. 

Oberg and his then-fiancée (now wife) Alcestis, a writer, were both 
students at Northwestern University in Evanston, Ill., in the summer of 
Apollo 11. They watched the launch between classes and, for the moon 
walk, set up a viewing center in the faculty lounge with TV sets bor- 
rowed from local dealers. All who crowded into the lounge were silent 
through the first half hour until Aldrin moved the camera to view the 
Lunar Module—and the room burst into applause. 





Dooling—L+25, a quarter century after the Apollo landing 


Lunar lander ————> - Lunar orbit spacecraft = 
Lunova Korobly (LK) Lunova Orbitalny Korobly (LOK) 
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Source: Dick Gautheir in Astronautics & Aeronautics and Aviation Week & Space Technology (N-1); 
Charles P. Vick, Aviation Week & Space Technology and Spaceflight; Luc van der Abeelen (LOK/LK) 


The Apollo 11 mission to the moon lasted just over eight days (195 hours, 18 minutes, 35 seconds). The Saturn V 
carrying Apollo lifted off from NASA’s Kennedy Space Center in Florida on July 16, 1969. The Lunar Module 
Eagle landed on the moon on July 20. The Command Module splashed down in the Pacific Ocean on July 24. 
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con a 
The Nova launch vehicle, pro- 
posed in 1959, was NASA’s first 
design for boosting a two-man 
lunar lander. It would have gen- 
erated 9 million pounds of thrust. 





NASA/Smithsonian Collection 


Engineers from Massachusetts Institute of Technology 
and Sperry Gyroscope Co. place a pendulum accel- 
erometer inside an inertial measurement unit that 
guided Apollo I to the moon. The Command&ervice 
Module and Lunar Module had identical units. 











“Von Braun began planning for Apollo when he was 14 or 15 years old,” 
recalled Ernst Stuhlinger, one of von Braun's closest aides and his asso- 
ciate director at NASA's Marshall Space Flight Center in Huntsville, Ala., 
inthe 1960s. “At that early age, von Braun realized that to go to the moon 
and Mars, one primarily needs a transportation system. So he decided 
that he would first of all build powerful precision rockets.” 

But where others could envision the technical requirements of rock- 
ets, von Braun could in addition envision the organizational require- 
ments and public support that were equally necessary to turn the vision 
into reality, He had a most disarming approach that won over the 
President and later NASA, Stuhlinger recollected. “Von Braun could 
always say, ‘Well, gentlemen, if you would like to go to the moon, | am 
ready to build the rocket for you. | happen to have the team which can do 
it... the shops, the machines, the research laboratories, the development facilities. | can do it.” 

And do it he did. Right after the USSR's launch of Sputnik 1 stunned the United States in 1957, 
von Braun promised U.S. Secretary of Defense designate Neil McElroy that his team would orbit 
a U.S. satellite within 60 days (his boss had him back off to 90 days; von Braun did it in 89). Less 
than four years later, when President John F. Kennedy made his commitment to send Americans 
to the moon, von Braun promised he would also make that happen. 

“He could just influence people with a magnetic force,” Stuhlinger continued. “Those who worked 
for him felt privileged to do so.” Indeed, much of von Braun's rocket team followed him from 
Peenemunde, Germany, to Fort Bliss, Texas, and then to Huntsville. When the team’s efforts culminated 
in Apollo 11, Stuhlinger was at the Kennedy Space Center VIP viewing area, escorting Hermann Oberth, 
whose 1923 book, 7he Rocket into Planetary Space, had helped inspire von Braun's quest. 
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Dave Dooling 


Ernst Stuhlinger 


Ascent and Earth Orbit Rendezvous, Lunar Orbit 
Rendezvous and Lunar Surface Rendezvous were 
considered. The principal tradeoff among them 
was between launch vehicle and spacecraft: sim- 
plifying one of them complicated the other. 
Lunar Surface Rendezvous could make do with 
the relatively small Saturn I rocket, but it involved 
placing at least three spacecraft on the moon’s sur- 
face where robots would assemble the return vehi- 
cle. Then the astronauts would be dispatched to the 
moon in a fourth craft. Lunar Orbit Rendezvous 


| could use the huge Saturn V, but required two 


spacecraft: one in orbit around the moon and the 
other going to the moon’s surface and then back up 





Institute of Technology 






NASA/Massachu: 


again to the orbiting spacecraft. NASA manage- 
ment had decided that Apollo’s complexities were 
best handled close to home, and rejected both | 
forms of lunar rendezvous. 

Direct Ascent required a Nova-sized booster to 
launch the entire spacecraft straight from the 
earth all the way to the moon without assembly 
operations in orbit. Earth Orbit Rendezvous, on 
the other hand, required two Saturn V rockets 
to boost payloads into earth orbit: one to launch 
the spacecraft and escape stage, and the other 
to launch a tanker to refuel the escape stage. 

Earth Orbit Rendezvous was favored by von 
Braun for its role in Mars expeditions and by 
Jerome Weisner (Kennedy’s science advisor) and 
the Department of Defense for its impact on mil- 
itary missions. Furthermore, everyone consid- 
ered that building the immense Nova was too 
great a task, whereas the Saturn V seemed 
achievable within the budget and schedule. 

But both Direct Ascent and Earth Orbit Ren- 
dezvous required a lander 70 to 90 ft tall and up 
to 21 ft wide—larger than an Atlas ballistic mis- 

sile. The crew would have to fly blind as they 
made their final descent to the lunar surface, and 
then would have to clamber down the side of the 


lander, which would be top-heavy after consuming 


propellant in its lower stage. 

Even after NASA officially selected Earth Orbit 
Rendezvous for the Apollo program, Houbolt con- 
tinued to promote Lunar Orbit Rendezvous. He cal- 
culated it would cut the total spacecraft weight 
from 130 000 lb to 62 800 Ib, including a 19 320-Ib 
lander; furthermore, his numbers showed that it 
would require just one Saturn V launch. But few 
people believed him. At a May 1961 meeting, a key 
manned space official told Houbolt, “Your figures 
le,” and at another meeting in July he was ordered 
not to discuss Lunar Orbit Rendezvous. 

The following November, Houbolt went outside 
organizational channels and wrote what he now 
realizes was “one of those letters that change his- 
tory.” As a “voice crying out in the wilderness,” he 
appealed to NASA deputy administrator Seamans, 
who called for a more even-handed assessment. 
Meanwhile, key leaders in Langley’s Space Task 
Group (soon to move to Houston and become the 
Manned Spacecraft Center) began to realize what 
Houbolt had sensed from the beginning. 


NASA contracted with Vought Astronautics Co. | 


in Dallas, Texas, to be an independent referee and to 
reevaluate all the approaches. The answer came 
back strongly in favor of a rendezvous in lunar orbit. 
Finally, Marshall director von Braun stunned every- 
one by announcing that Lunar Orbit Rendezvous 
was indeed the best way to go. On July 5, 1962, 
NASA announced that Apollo was changing gears, 


and in November it named Grumman Aircraft Engi- | 


neering Co., Bethpage, NY., to build the Lunar Ex- 
cursion Module (later, the name was shortened to 
just Lunar Module or LM) with descent and ascent 
stages and room for two men. 

This left North American to handle just the 
Command/Service Module (CSM) combination 
that would carry the crew through everything but 
the lunar landing. Where possible, the CSM and 
LM used identical technologies or systems, such as 
the inertial measurement unit and main computer. 

Although its contract came late, Grumman al- 





ready had a head start. “Grumman was very smart,” 
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Pushing through ignorance 


Stashing a million-dollar guidance system ia 
refrigerator is not in the textbooks, but thatiswhat A 
Norman Sears and his crew did to assure the 
Apollo 13 astronauts that their guidance system 
would work when it was reawakened from the cold 
for the emergency return to earth. : 

Sears, former Apollo manager at the Mas- 
sachusetts Institute of Technology's Instrumen- 
tation Laboratory (now the Charles Stark Draper 
Laboratories), said each mission had its own per- 
sonality. “We were stretched thin for years. We 
were never making ‘minor’ modifications until we 
reached Apollo 15” in 1971. 

Sears remembers how his staff was pressed to 








Janding as soon as it began We actual 
a program to ignore the switch,” aa 


phone wires], and up! 
1969-71, that was “gutsy stuf” 








recalled Arthur. “About halfway through [the Apollo 
feasibility study] they saw that Direct Ascent was 
not good” and started examining a lander concept. 
GE’s Apollo feasibility study had included a large 
appendix by Grumman, its study teammate, detail- 
ing what would be needed to send a spacecraft to 
the moon’s surface, and Grumman had continued to 
study the LM on its own. 

“Somehow, we collectively decided it would be 
a good thing to put together an appendix on the 
whole mission” to the moon, said Tom Kelly, LM 
chief engineer at Grumman and widely acknowl- 
edged to be the father of the module. “We took the 
LOR [Lunar Orbit Rendezvous] approach and it 
looked good to us” and even to team members who 
studied the other approaches. 

Houbolt’s numbers would turn out to be low. 
Apollo 11 weighed 100 698 lb at translunar injec- 
tion, and the LM weighed 33 297 lb—but the con- 
cept was literally on target. 


July 20, 1969, 4:10:00 p.m., EDT 

(Mission elapsed time 102:38:00) 

Five minutes into the Eagle’s powered descent to 
the moon’s surface, an alarm sounds. 

Eac te: ‘1202, 1202....Give us the reading on the 
1202 program alarm.’ 

NASA Mission ConTroL, MANNED SPACECRAFT 
CENTER, Houston: ‘Roger. We got—we’re go on 
that alarm.’ 

About 3 minutes before landing on the moon, the 
| first of five different computer alarms rang, catching 
| both astronauts unaware. Flight directors knew from 
telemetry and tracking that the Eagle was okay, and 
told the crew to press onward (the problem was ren- 
dezvous radar data overflowing the computer). 
In the movies, landing a rocket had been as sim- 

ple as running the film backward. But NASA had 
recognized from the start that in reality the crew 
would need a computer and autopilot software to 
“fly by wire” and maneuver over unsuitable terrain 
to the touchdown point, and to trim rocket thrust 
as propellant was consumed. 

“The computer was the one item that required a 
lot of development,” said former assistant Apollo 
manager Sears. “It sounds ridiculous now, but it was 
| achallenge to make it powerful enough to handle 
the mission onboard without help from Mission 
Control.” In addition, the computer needed 
unprecedented reliability. 

Columbia and Eagle shared a common computer 
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design with spec numbers that seem staggering in 
this age of notebook and palmtop computers: the 
Apollo computer measured 6 by 12 by 24 inches, 
weighed 70.1 Ib, and drew 70 W at 28 V dc. 

Within that bulk was a memory holding only 
36 864 words of 15 bits each in ferrite core rope 
memory, and 2048 words in a rewriteable coinci- 
dent core memory. A magnetic field was impressed 
on ferrite core rings as they cooled in an oven, and 
software became hardware as the rings were 
threaded on copper wire matrices. This type of 
memory made today’s familiar software patches 
almost impossible, but the Apollo programming was 
as sturdy as the computer. The computer also 
incorporated some of the first ICs, which were just 
becoming available following the Air Force’s invest- 
ment in the technology in the late 1950s. 

“Verifying the code was a new experience,” 
Sears said, and paring the software to fit the com- 
puter’s 36-kB memory was a challenge. “By the 
time the mission flew, we had several ‘Black 
Fridays.’” The man-machine interfaces—a simple 
keypad and four one-line digital displays—were 
not as elaborate as technology then allowed, but 
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still were new for the astronauts who were, at 
heart, test pilots. “They were used to dials,” Sears 
said. “This was a whole new world for them.” 

The software had three main sections: the atti- 
tude state vector, the reaction control system laws, 
and the thrust vector control laws. Each compu- 
tation cycle took 0.025 second and velocity updates 
were taken every 2 seconds from the inertial mea- 
surement unit. The positions of the two hand con- 
trollers were sampled every 0.00125 second. One 
proof of the computer’s sophistication came when 
sloshing fuel wobbled the Eagle. The autopilot 
dampened that by firing the thrusters automati- 
cally in bursts as short as 0.014 second. 

Although flying the LM has been likened to fly- 
ing a helicopter, it was more complex. After a long 
face-up slide toward the landing zone, the LM would 
pitch upright for the final approach at a range of 
2000 ft and an altitude of 500 ft. The spacecraft was 
moving at 58 ft/s forward and sinking at 15 ft/s. The 
crew had less than 4 minutes to land or abort the 
mission, and hovering was a most extravagant use of 
propellant. Like one of Zeno’s paradoxes, the closer 
they got to the surface, the slower they had to go. 

Finally, horizontal positioning required a great 
deal of piloting skill because the autopilot did not 
fully eliminate motion across the surface. “But once 
Neil [commander Neil A. Armstrong] took over, it 
was up to him, through changing attitude control, to 
null out those translation rates,” recalled LM pilot 
Edwin E. Aldrin on the 20th anniversary of the 
landing. “And that’s a significant increase in the tal- 
ent level needed, and he was certainly up to it.” 

He had to be. “The auto targeting was taking us 
right into a...football field-sized crater, with a large 
number of big boulders and rocks,” Armstrong 
reported a few minutes after touchdown. It 
required “flying manually over the rock field to 
find a reasonably good area” about 0.6 mile south 
and 3.3 miles east of their target. 

In fact, the landing went so well that Sears said he 
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almost thought it was just another simulation until he 
heard Aldrin say something not heard in training.... 


July 20, 1969, 4:14:00 p.m., EDT 
(Mission elapsed time 102:42:00) 


Eac.e: Lights on. Down 2-1/2. Forward. Forward. | 


Good. 40 feet, down 2-1/2. Picking up some dust.’ 


For years, lander designers had been stumped | 


by the problem of the crew members’ limited abil- 
ity to see just where they were going. With Earth 
Orbit Rendezvous, the best anyone could do was to 


give the astronauts two periscopes that were | 


unlikely to win support from pilots used to eye- 
balling their way through a landing. The advice 
given by NASA’s Houbolt, to build a specialized 
lander for Lunar Orbit Rendezvous, solved part 


of the problem. With the earth-return elements no 


longer involved in the lunar landing, the lander’s 
cabin could be designed to look forward. 
Still, the designers’ minds were earthbound. 


Grumman proposed a large helicopter-style cabin | 
to give the crew a clear view of the final approach | 
as they sat on bar stools. But the panoramic win- | 
dows were a problem: Plexiglas turns purple and | 


brittle under solar ultraviolet radiation, while glass 
weighs too much and poses structural problems— 
and with either, the sunlight flooding through the 
windows would overload the environmental system. 


In a now-famous case of serendipitous engineer- | 


ing, the separate problems were solved together. 
“Early in the preliminary design [1963], we were con- 


vinced that we didn’t need the bar stools; they would | 
be in the way,” Grumman’s Kelly said. Even with the | 


engines at full thrust, the crew experienced less than 
1 earth-gravity acceleration. “Simultaneously, we 
realized we wanted to minimize the glass area....We 
very quickly saw that with the crew standing up, you 
could get by with small pieces of glass.” 


So, the lander’s cabin became a cylinder with | 





small triangular windows little bigger than the | 
astronauts’ faces. The field of view now extended | 


Technicians for Raytheon Co.’s Space and Infor- 
mation Systems Division’s laboratory at Sudbury, 
Mass., literally sewed fine copper wire to create the 


rope memory for the computer program in Apollo I1’s 


Raytheon Co 





Evolution of the Apollo spacecraft is shown in five early drawings: 5/60 (May 1960) is the onboard computer, which was designed by the 
initial NASA concept before the Apollo feasibility studies; 7/61 is the design that included Massachusetts Institute of Technology in Cambridge. 
a five-legged lunar lander; 12/61 shows how the lander was enhanced with a larger lig- Both the CommandService Module and the Lunar 
uid-propellant descent stage; 4/62 shows the addition of a “lunar crasher” stage that would Module used Raytheon computers for guidance, nav- 
be discarded just before landing; 7/62 shows the final design of a Command/Service Module — igation, and control, each had six such rope-memory 
separate from the Lunar Lander. Reentry bodies were the leading candidates from the modules. Each module comprised 512 Serrite cores 
1960-61 studies for the space capsule’s descent into the earth’s atmosphere. totaling what today would be called a 36-RB memory. 
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Father of the Lunar Module 


After the Eagle—Apollo 11's Lunar Module (LM)—had landed on the moon, 
liquid helium in the pressurization system 
of the descent stage froze and formed a 
slug of hydrazine in a fuel line. Heat soaked 
back from the engine, and the pressure in 
the fuel line was rising ominously. Ulti- 
mately, the hydrazine would detonate. 

“It was one case where you decide right 
there, in the spacecraft analysis room, in real 
time,’ what must be done, recalled Thomas 
J. Kelly, who was chief engineer for the Lunar 
Module at Grumman Corp. in Bethpage, 
N.Y. During “a fairly intense few minutes” 
in which he and his colleagues decided it 
was necessary to ‘burp’ the engine, “the 
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| by October 1964, when Grumman’s plans and the 
| M-5 (fifth engineering mockup of the LM) passed 
close scrutiny by NASA. 

More detailed challenges still faced the LM 
team, not the least of which was weight. Every 
pound returned from the moon’s surface to lunar 


propellant was needed to move it. A weight-reduc- 
| tion program shaved around 2500 lb at a cost of 
about US $10 000/lb. Savings were realized by 
chemically milling the crew module to just 0.012- 
inch thick and installing an electrical system that 
used fragile 26-gage wire (0.016 inch thick), minia- 
| ture connectors, and new wire-wrap terminals. In 
| addition, silver-zinc batteries were pushed to 2.5 
Ah/lIb, and then were watched closely because of 
their inherent explosive danger. Grumman also 
had to install three propulsion systems in the LM: 
a throttleable engine for landing, an ultrareliable 
engine for ascent to orbit, and 16 attitude thrusters. 


July 20, 1969, 4:17:40 p.m., EDT 

(Mission elapsed time 102:45:40) 

| Eacue: ‘Contact light. Okay, engine stop. ACA out 
| of detent. Modes control both auto, descent engine 
| command override, off. Engine arm, off. 413 is in.’ 
| Houston: ‘We copy you down, Eagle.’ 

| EacLe (ARMSTRONG): ‘Houston, Tranquility Base 
here. The Eagle has landed.’ 

Von Braun turned around to Houbolt, made the 
O.K. sign by circling thumb and forefinger, and 
said, “Thank you, John.” But the last few inches 
had also proved to be the toughest for designers. 
Even through the Direct Ascent design in 1962, no 
one had addressed the full range of wobble, wiggle, 
and slide that the lander might manifest at the 
moment of touchdown. 





Grumman, and Bendix Corp. of South Bend, Ind., 


| conducted hundreds of drop tests with models | 


| ranging from a miniature aluminum block mea- 
suring 3 by 3 by 4.5 inches with spikes for feet onto 
a lead surface, to 1/10-scale LMs landing on sand, 
salt, and aluminum oxide powder. The tests were 
run at different angles, heights, and orientations. 

| One finding was that landing on soil was the most 

| hazardous because the spacecraft could plane after 

| impact. Another was that four legs for the Lunar 
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| orbit added 4.25 lb to the spacecraft because more | 


To resolve the problem, NASA’s Langley center, | 


| all the way from the horizon straight down toward | 
the moon’s surface. The final design was in place | 














ice plug melted and relieved the pressure and the problem went away.” 
Because the LM was dormant until landing, Kelly could see the launch from 


tests by a factor of three.” 


support contract. 


Module were as good as the five that Grumman had 
first proposed to increase stability. As the LM 
design matured, a full-scale model equipped with 
preproduction landing gear was suspended under 
a gantry and dropped sideways onto a wood plat- 
form to simulate lunar gravity. 

Engineers realized early that each leg needed 
an inverted tripod with the vertex on the footpad, 
which was itself set on a ball-and-socket joint. 
Studies showed that after touchdown, the vehicle 
was still somewhat unstable, so designers added 
outrigger struts. Inside those struts and the main 
landing gear strut was honeycombed aluminum to 
absorb the final impact. 

Even the design of the landing pads themselves 
was of great concern. Engineers at first assumed 
that the lunar surface would be rocklike and designed 
pads about 8.7 inches across. Then Thomas Gold, 
an astronomer at Columbia University in New York 
City, claimed that the surface might be a deep blan- 
ket of dust that would swallow spacecraft and astro- 
naut. Grumman gave the LM the equivalent of snow 
shoes by widening the pads to 36 inches. The ques- 
tion was resolved when Surveyor 1 safely landed in 
1966; its landing pads deliberately had been sized to 
exert more force than the LM or an astronaut. 

As matters turned out, the LM’s legs were gen- 
erously overdesigned. The astronauts landed the 
LM “like a crate of eggs,” Grumman’s Tom Kelly 
said, at less than 2 ft/s. Engineers later calculated 
that the lunar surface had absorbed some 60 per- 
cent of the impact. 


July 20, 1969, 4:30:30 p.m., EDT 
(Mission elapsed time 102:58:30) 
Houston: ‘Rog, that was a beautiful job, you 
guys.’ 
CotumBiA: ‘And don’t forget one in the command 
module.’ 

But the world does tend to forget that Apollo 
was two spacecraft: the lander plus the Com- 
mand/Service Module Columbia, which remained 
in lunar orbit. In essence, the Columbia was a 
reentry capsule—the Command Module (CM)— | 
attached to a utility van—the Service Module | 
(SM). The fuel cells in the SM and the heat shield 
on the CM were identified as two big technical 
breakthroughs by N.J. Ryker, Apollo Vehicle 
Systems Director for North American, in a May | 
1964 American Astronautical Society paper. | 





the Kennedy Space Center in Florida, then fly to Houston to monitor activi- 
ties in the spacecraft analysis room next to Mission Control, 

Grumman had ample opportunity to learn the technical and managerial 
lessons that made possible that kind of real-time call. “We set up a flight test 
center at Calverton [Long Island] that did for aircraft testing what we had 
learned from Apollo,” Kelly said. It “improved the productivity of aircraft flight 


In an era of space gypsies, Kelly was unusual in spending virtually his 
entire career with one company. He was with Grumman in the late 1950s when 
it decided to go into space. Kelly helped lead the LM proposal, was project 
engineer, and stayed at Grumman through the recently ended space station 


Risk analysis, also pioneered by Apollo, was a factor in shutting down 
Apollo. “You could argue for one or two more flights,” Kelly said, “but there's 
a lot to be said for quitting while you were ahead.” 





“The Eagle has wings.” The 
Apollo 11 Lunar Module Eagle 
gets a visual inspection from 
astronaut Michael Collins in 
the Command/#ervice Module 
Columbia shortly after the two 
craft separated in lunar orbit 
(the lander rose away from the 
moon, which is why the sky is 
the black of outer space). The 
landing gear consisted of four 
outrigger struts, each filled with 
aluminum honeycomb and 
internal pistons to absorb the 
impact of the lunar landing. 
The probes pointing down be- 
neath three of the four landing 
pads carried surface-contact 
buttons that illuminated a con- 
tact light in the lander, telling 
commander Neil A. Armstrong 
that the Eagle had touched the 
surface and tt was time for him 
to shut down the descent engine. 
The forward leg had no probe 
lest it curl upward at landing 
and obstruct the astronauts as 
they descended the ladder. 
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The heat shield was a glass-phenolic honey- 
comb of more than 370 000 cells injected with a 
phenolic-filled epoxy; its thickness ranged from 
0.75 inch at the top to 2.75 inches at one edge of 
the blunt base that would face into the line of 
flight during entry. The start-to-finish peak 
design heat load was 44 500 Btu/ft2, although in 
fact no space capsule plunging through the 
earth’s atmosphere ever was heated to the max- 
imum of 37 522 Btu/ft? experienced by the 
unmanned Apollo 4’s trial-by-fire qualification. 

Several concerns led to NASA’s decision to leave 
one man in lunar orbit on all the Apollo missions. 
Someone had to mind the Command/Service 
Module and, if necessary, to be prepared to maneu- 

ver it to a rendezvous with the Lunar Module if the 
LM became stranded in a lower orbit. Moreover, a 
three-man Lunar Module would have been too 
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: Oe a hi aie 
Edwin E. (“Buzz”) Aldrin Jr. examines the probe projecting from the pad of the Eagle’s 
starboard landing gear, which experience showed was overdesigned. On Apollo 11, 
the primary struts [large diagonal strut in the photo] showed virtually no compression; the 








secondary internal piston in the struts [horizontal strut] stroked less than 4 inches. 





Columbia is seen above the moon’s Sea of Fertility 

Srom the Eagle as it rose away from the Command/ 
Service Module during the separation maneuver in 

lunar orbit on July 19. Columbia, which remained 

in lunar orbit with astronaut Mike Collins, was 

coated in silverized Teflon to insulate it from the 

sun’s radiant energy. 
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The bulk of the SM was 
taken up by the Service Pro- 
pulsion System, which com- 
prised two pairs of fuel and oxi- 
dizer tanks and an engine with 
a nozzle larger than the Mer- 
cury capsules. The Service 
Propulsion System braked the 
entire Apollo spacecraft into 
lunar orbit. After the two 
astronauts returned from the 
lunar surface to the Columbia 
and jettisoned the Eagle, the 
SM boosted the Columbia out 
of lunar orbit and back to the 
earth. 

For the Service Propulsion 
System, the Lunar Module’s 
descent and ascent propulsion 
systems, and both vehicles’ 
attitude thrusters, NASA 
traded the high energy of cryo- 
genic propellants for the high 
reliability of hypergolics, chem- 


ical compounds that ignite on contact. Although 
hypergolics—in this case, nitrogen tetroxide and a 
mix of hydrazine compounds—are highly corro- 
sive and toxic, they require less insulation than liq- 
uid oxygen or hydrogen. 

The Service Propulsion System tanks occupied 
four of six radial sectors in the cylindrical SM. The 
fifth held the fuel cell system with four small cryo- 
genic tanks, two each of liquid oxygen and liquid 
hydrogen. The cryogenics were combined in three 
fuel cell power plants to produce the electric 
power needed to run the spacecraft, issuing drink- 
ing water as a byproduct. Each power plant was a 
stack of 31 fuel cells, each producing 1 V of elec- 
tricity, connected in series for a nominal 28-31-V 
output. The sixth bay was left open and, on later 
Apollo missions, held advanced survey equipment 
for exploring the moon from orbit. 

For all but the lunar landing itself, the CM housed 
the crew and crucial systems for life support, guid- 
ance and navigation, recovery, and control. These 
were wrapped in a complex heat shield for the astro- 
nauts’ return through the earth’s atmosphere. 
Anything not needed for reentry was placed in the 
SM, which was then discarded 12 minutes before the 
| returning spacecraft hit the upper atmosphere. 





heavy and costly. In turn, each astronaut was given 
specific responsibilities in his assignment as com- 
mander, command module pilot, or lunar module 
pilot. The choice of who would actually land on the 
moon was set at the time of crew assignment (and 
reinforced by training), not by drawing straws 
shortly before embarking. 

Thus, for 48 minutes during each 2-hour lunar 
orbit when the Columbia went behind the moon, 
command module pilot Michael Collins was the 
most isolated human in the universe. In his auto- 
biography, Carrying the Fire, he noted that it was 
only when he saw the LM ascent stage growing in 
the distance as it approached Columbia for ren- 
dezvous that he allowed himself to think, “..we 
really are going to carry this thing off!” 


July 21, 1969, 1:54:01 p.m., EDT 

(Mission elapsed time 124:22:01) 

Eacte: ‘Forward 8, 7, 6, 5, abort stage, engine 
arm ascent, proceed. That was beautiful. 26, 36 
feet per second up.’ 

The Eagle lifts off from the moon and ascends into 
a low lunar orbit for rendezvous with the 
Columbia 3 hours, 41 minutes later (5:35:00 p.m., 
EDT, mission elapsed time 128:03:00). 

All throughout its development, the Apollo mis- 
sion depended on a different kind of rendezvous: 
the art of bringing everything together. To do this, 
NASA first put the right people into key manage- 
ment positions. “Singling out individuals dimin- 
ishes and takes from the very team nature of the 
undertaking,” George Washington University’s 
Logsdon said. “Together they were more than 
their sum as individuals.” 

Still, certain personalities made things happen. 
James Webb “was a perfect NASA administrator,” 
Kelly said. “He knew how to hold off the external 
forces and let us do the engineering,” Seamans 
said. “I used to tell him he was good at holding up 
an umbrella.” 

Webb, Seamans, and Mueller often worked as 
a closely linked troika to run NASA, knowing what 
decisions to make on their own and when to reach 
a consensus among themselves or with other man- 
agers at headquarters and the field centers. 

“George Mueller was a guy who had the guts” 
to bring the “all-up” test decision to the head office 
and to bring in a number of senior Air Force man- 
agers, observed Seamans. Moreover, “it was hard 
to beat Sam Phillips,” an Air Force general brought 
in to run Apollo. “He was really experienced at 
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managing big programs [including the Minuteman 
missile] with lots of contractors.” 

“Most people talk about tremendous organiza- 
tional schemes,” said Christopher Kraft, former 
Apollo flight operations director. “Bull. It worked 
because people did their jobs irrespective of what 
the organizational chart said. [Apollo spacecraft 
manager] George Low got it together in spite of 
the organization, not because of it.” 

The presence of teams with track records was 
essential, too: Huntsville’s rocket team at Marshall 
Space Flight Center grew from the Army’s ballis- 
tic missile team; what is now Houston’s Johnson 
Space Center grew from Langley’s pilotless air- 
craft work. They and all the contractors were not 
far removed from the discipline of developing and 
building systems in World War IL. 

NASA needed to track the many parallel ele- 
ments and know when some minor part might 
become a roadblock on the “critical path” to the 
moon. The Program Evaluation and Review 
Technique (PERT) was adopted because the Navy 
had used it to produce the first Polaris submarine 
in less than three years. Despite its laborious 
punch-card accounting, the technique enabled 
NASA to orchestrate thousands of activities. 

Still, a little connivance was sometimes needed. 
NASA wanted five of IBM’s new 360/75 computers 
to capture and present all the data for flight direc- 
tors in a single Apollo mission control center, but 
could not issue a sole-source contract. Leading com- 
puter companies were invited to submit bids with a 
firm price and delivery date. All the others needed 
time to develop a new machine. “IBM claimed it was 
a catalog item,” Seamans said, and won the contract. 
“T think we bought the first ones.” 

Willingness to entertain new ideas was also a fac- 
tor. Houbolt’s arguments for Lunar Orbit Rendez- 
vous eventually were accepted by von Braun, despite 
von Braun’s early preference for Earth Orbit 
Rendezvous. “That showed me that von Braun was 
a fantastically big man,” Houbolt said. 

Total quality management and employee em- 
powerment were practiced at Marshall long before 
the terms were invented. “Von Braun knew that 
the contractor and his engineers had to work 
together,” Stuhlinger said. “He said, ‘Let’s work as 
a team and not push the responsibility off on one or 
another. We will enjoy the successes together.’ 
This was one of the major reasons why this project 
was successful.” 

Another reason for success was also a seed of 
Apollo’s demise: the goal was simple and victory 
was easily recognized. 


July 24, 1969, 12:46 p.m., EDT 
As the Command Module plunges into the earth’s 
lower atmosphere, it makes first voice contact with 
the recovery ship, the aircraft carrier U.S.S. 
Hornet. 
U.S.S. HORNET: 
Hornet, over.’ 
APoLLo 11: ‘Hello, Hornet, this is Apollo 11 read- 
ing you loud and clear.’ 
Four minutes later, at 12:50:35 p.m., EDT (mis- 
sion elapsed time 195:18:35), the Command 
Module splashes into the Pacific Ocean. 

Six more trips to the moon were attempted; five 
made it to the lunar surface and one mission was 
aborted but the astronauts were saved by using the 


Apollo 11, Apollo 11, this is 
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Lunar Module as a lifeboat. Interest waned as the 
pressures that created Apollo abated and were 
replaced by the demands of the Great Society and 
the war in Vietnam. Congress whittled the Apollo 
Applications Program until only Skylab space sta- 
tion (operated 1973-74) was left. Manned lunar 
exploration ended with the Apollo 17 mission in 
December 1972. 

As the program wound down, NASA worried 
about the morale of people who soon would lose 
their jobs. Grumman president George Skurla 
responded pointedly, “Don’t worry about my 
Grummies; they'll do O.K.” The night before Apollo 
17 left for the hills of Taurus-Littrow, “Grummies” 
taped a poster to the Saturn’s LM access hatch. It 
was signed by all the team and read, “This may be 
our last LM, but it will be our best LM.” The sen- 
timent was common to all the teams. 

A quarter century later, government and corpo- 
rations have few tangible reminders of Apollo. Most 
of the German rocket team in Huntsville was laid 
off in the 1970s in what was regarded by some as an 
attempt to “Americanize” the space program. Draper 
Laboratories’ last artifact, a training model of the 
guidance system control panel, sits in a corner of a 
simulator laboratory. Grumman was bought by 
Northrop, North American was swallowed by 
Rockwell Standard, and Douglas Aircraft was taken 
over by McDonnell. 

Unused spacecraft went to museums. The last 
two Saturn V rockets are displayed lying on their 
sides, like beached whales, helpless and bereft of 
majesty. The Saturn V’s manufacturing tools were 
sold for scrap and its plans were largely discarded 
as NASA Administrator Thomas O. Paine sacri- 
ficed Saturn to buy the reusable Space Shuttle. 
And the silver dollar that bears the Apollo 11 seal 
on its reverse carries the face of the president who 
did not want to fund Apollo. 

Soon Johnson Space Center’s extensive histor- 
ical archives will be dispersed to Rice University 
in Houston and to a nameless Federal archive— 


a fate suggestive of the end the movie Raiders of | 


the Lost Ark, where the Ark of the Covenant is 
crated up and hidden among myriad other anony- 
mous crates in a Government warehouse. 

Worst of all, since Apollo, NASA has seemed to 
lack direction. The office of John Gibbons, President 
Bill Clinton’s science advisor, declined an interview 
request, citing no interest in the subject. 

“The problem is that we have run out of moons,” 
Stuhlinger recalled von Braun saying. Logsdon 
agreed that “we used up the one real good place to 
go real quick.” Moreover, he pointed out, Apollo did 
not follow von Braun’s scenario, outlined in 1952, for 
building transportation and operating services to 
support larger ventures in space. 

Still, the Apollo program did achieve what it set 
out to do: land a man on the moon and return him 
safely to earth by 1970. 

“In geopolitical terms, it was worth it,” Logsdon 
said. “In many ways this large-scale effort was sin- 
gularly warlike. It had a single, well-articulated 
goal by which you measured progress.” As 
Kennedy had wanted, Apollo pitted the U.S. and 
Soviet systems against each other. “And,” Logsdon 
added, “we operated the U.S. system at its best.” 

That was enough to answer the concerns of 
many U.S. citizens in the 1960s, such as the high 
school students Seamans recalled meeting aboard 
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The Phoenix lander was designed in 1993 for a future return to the moon. The rover [left] would 


be used to replenish the landers supply of liquid oxygen by cracking lunar oxides. 


If we can put a man on the moon, why can't 
we...put a man on the moon? 

“Most people ask, ‘Why go?,’ but | am try- 
ing to understand why we don't,” said 
Wendell Mendell, former chief scientist for 
lunar base studies and now “resident realist’ 
in the New Initiatives Office at Johnson 
Space Center in Houston, Texas. He watched 
Apollo 11 coverage at home with his family, 
but has a stronger memory of a Los Angeles 
radio station covering the Surveyor 1 land- 
ing on June 2, 1966, which confirmed that 
the iunar surface would not swallow man’s 
first steps on another world. 

“If we had the national will, could we go 
back?’ Mendell asked. “A couple of elements 
are critical. One is the depth of resources you 
have when you have the national will. Apollo 
had almost unlimited resources, so when we 
got into trouble, we could get back out.” 

Returning would require proportionally 
deeper pockets. “The bureaucratic process we 
have developed costs money. So if you play by 
all the rules, you would spend proportionally 
more to generate a theoretical ‘technology unit 
than you did in the early 60s,” Mendell asserted. 

Further, NASA was not yet three years old 
when it started Apollo; now it is over 35. “A lot 
of people are process-oriented and not prod- 
uct-oriented,” Mendell continued. “It happens 
in any large organization. It has become insti- 
tutionalized in NASA and would be propor- 
tionally worse if we went back.” 

The second element is the willingness to 
take risks. “People are much more risk averse 
and [that] would require proportionally deeper 
pockets to cover every conceivable contin- 
gency,” he said. 

Following Apollo, plans for lunar missions 
faded until 1989, when President George Bush 
called for the United States to reach Mars by the 
year 2019. NASA responded with the first-cut 
90-Day Study, then established the Space 
Exploration Initiative. The 90-Day Study resulted 
ina turnkey design with one large rocket car- 
rying everything. That study influenced work 
leading to the First Lunar Outpost study, com- 
pleted in February 1993, which suggested 
using two landers. One would deposit a habi- 
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tat (derived from the space station), while the 
second would take a four-person crew in an 
Apollo-type module for a 45-day mission. 

The landers would be launched by a deriva- 
tive of the Saturn V, which space advocates want 
to resurrect. Yet, praise for the Saturn V usu- 
ally ends with how “we can make it better if we 
use...” lithium-aluminum alloys and so on. 

But in the current budgetary and political 
environment, new launch vehicles are not 
likely. So some elements in NASA are study- 
ing how to mine the lunar soil for oxygen, its 
most abundant element, locked in various 
metal oxides that can be cracked with another 
abundant resource: sunlight. Manufacturing 
the oxygen on the lunar surface to burn with the 
fuel for the return to the earth would reduce the 
spacecraft's launch weight. 

With space station Freedom's problems, 
however, ‘things went downhill fast,’ Mendel 
said. As a result, “a significant missing element 
is trust between NASA and Congress....The 
whole relationship has been poisoned.’ 

By late 1993, the Space Exploration Initiative 
was reduced to a small planetary team within the 
New Initiatives Office. Furthermore, NASA was 
criticized for not being as quick as the Department 
of Defenses Ballistic Missile Defense 
Organization (BMDO) when BMDO launched 
Clementine, the first U.S. post-Apollo foray to the 
moon. However, BMDO allows leeway and risk- 
taking, and Clementine sported sensors devel- 
oped under separate projects. 

Meanwhile, the European Space Agency held a 
lunar workshop last month in Switzerland. Invitees 
included the United States, Russia, and Japan. 
Japan's National Space Development Agency has the 
moon in its 45-year plan, and Shimizu Corp., Tokyo, 
plans a lunar hotel. 

Mendell expects that history will repeat itself 
after a fashion. Some other nation will get back 
to the moon first, and a member of Congress 
will ask why everyone is doing it but the United 
States. So Mendell has assumed the same role 
as the Space Task Group in 1958, when its 
members started preserving technical options: 
“| want to have something in my pocket that is 
technically realizable and that can be done 
rapidly—and that requires no new launcher.” 











a U.S. Navy cruiser on a summer scholarship 
cruise before the landing on the moon. They 
asked him why their country was a second-rate 
space power, why the Soviets were winning the 
space race. “That kind of attitude can become self- 
defeating,” Seamans said. “If we hadn’t won [the 
space racel, it wouldn’t have been the end of the 
U.S. But we stood up to the challenge and I, for 
one, am glad we did.” 

Apollo’s appeal to youth has not faded alto- 
gether. One day this March, Logsdon took several 
of his space policy students across the Potomac 
River to visit the control center for Clementine, 
the small lunar surveyor built by the Naval 
Research Laboratory. “This gray-haired guy sat 
down,” he recalled, and was almost unnoticed until 
Logsdon introduced him as Dave Scott, comman- 
der of the Apollo 15 landing. “All of a sudden, an | 
aura appeared around him” in the almost rever- | 
ential way the students spoke to him. “Today’s 
astronauts are a motley crew, but the Apollo astro- 
nauts are special. They’re treated differently.” 
Logsdon recalled another observer commenting, | 
“No one gives parades for robots.” | 
TO PROBE FURTHER. Several commissioned NASA 
histories provide the official version of the race to 
the moon: Chariots for Apollo by Courtney 
Brooks, James M. Grimwood, and Loyd S. 
Swenson Jr. (NASA SP-4205, 1979); Stages to 
Saturn by Roger Bilstein (NASA SP-4206, 1980); 
and Where No Man Has Gone Before by William 
David Compton (NASA SP-4214, 1992). 

Various authors discuss aspects of turning 
space flight from dream into reality in Blueprint 
for Space, edited by Frederick J. Ordway III and | 
Randy Lieberman (Smithsonian Institution, 
Washington, D.C., 1992). 

John Logsdon and Alain de Pas review the 
Soviet moon race in “Was the Race to the Moon | 
Real?” in the June 1994 Scientific American, Vol. | 
270, no. 6, pp. 36-43. Apollo Expeditions to the 








NASA/Grumman Aircraft Co. 





A spacesuited test engineer demonstrated embarking 
and disembarking methods on a full-scale all-metal 
mockup of the Lunar Module. This fifth engineering 
mockup, designated M-5, incorporated most of 
Grumman Aircraft Co.'s final design concepts, and 
was representative of the actual flight model used on 
Apollo 11 The proceedings are watched by Grumman 
and NASA engineers and several astronauts during 
a late-1964 review. 
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The tickertape parade for the Ap 


sus 


Aug. 13, 1969, was the largest in New York City's history. 








Moon by Edgar M. Cortright (NASA SP-350, 
1975) provides retrospective views on the fifth 
anniversary of the Apollo 11 landing. 

For human perspectives, see: Wernher von 
Braun, Crusader for Space by Ernst Stuhlinger 


| and Frederick I. Ordway III (Krieger, Malabar, Fla., 
| 1994), about von Braun’s life in rocketry; Angle of 


Attack by Mike Gray (Norton, New York, 1992), 
about program manager Harrison Storms, who 
was cashiered by North American after the Apollo 
1 fire; Chariots for Apollo (a non-NASA history by 
the same title) by Charles R. Pellegrino and Joshua 
Stoff (Athenum Press, New York, 1985) about 
Grumman’s work on the Lunar Module; and 


| Carrying the Fire (Farrar, Straus & Giroux, New 
| York, 1974), Michael Collins’ autobiography. 


10:56:20 PM 7/20/49 (CBS News, New York, 
1970) is a screen-by-screen reprint of CBS’s cov- 


| erage of Apollo 11 from liftoff to splashdown. 
| ACKNOWLEDGMENTS. In addition to all those who 


were interviewed for this article, the author 
wishes to thank Frank Winter and the staff of the 
research library at the National Air and Space 
Museum in Washington, D.C., as well as its retired 


| assistant director Frederick C. Durant III; Lee 


Sagaesser, staff historian in the NASA history 
office, Washington, D.C.; Cargill Hall, Bill 


| Heimdahl, and the library staff at the Center for 


Air Force History, Bolling Air Force Base, 
Washington, D.C.; Mike Gentry and David Portree 
of Johnson Space Center, Houston; and the pho- 
tographic branch at NASA headquarters. Finally, 


| special thanks go to the technical library staff at 


Langley Research Center, Hampton, Va., and 


Dooling—L+25, a quarter century after the Apollo landing 





ollo 11 astronauts on 


Appropria 







nl 


Apollo spacecraft 








ae 


Fiscal Foal 
year | Service Module | Lunar Module 


NC EU 
PUM Lt) 


meen ae 


Ce 


tions for Project Apollo, in millions of U.S. d 


OTs 
Cts Sa 





aE) 












































62 52° ~ 108 160 
63 345 123 | 32 91 26 617 
64 546 135 91 Ngee aay |. Bb7a 
65 578 243 91 1434 | 269 2615 
66 615 311 oe otsee | Bd | 2967 
67 560 473 77 1422 | 385 2916 
68 455 | 400 113 1164 | 424 2556 
69 283 326 | 44 576 | 796 2025 
70 283 231 34 484 | 654 1686 
7 gaa a 4 489 «| 479 914 
72 55° é d 142 | 404 601 
ie 50° é ‘ 6 77 
Total® | 4068 7 a: | 377 | 4122 | 19407 

















Source: Where No Man Has Gone Before: A History of Apollo Lunar Exploration Mis. 


(c) See (d) 
(d) Include 


*Current year dollars, not adjusted for inflation. 

(a) Includes Saturn IB, Saturn V, and engine development. 

(b) Includes integration, missions operations and support, 
and science. 


Audrey Amerski, Old Dominion University library, 
Norfolk, Va., who assisted with much research. ® 
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ADVANCED TECHNOLOGY /DISPLAYS 


~ Higher visibility for LEDs 


The luminance and luminous efficiency of light-emitting diodes (LEDs) in the last few years have reached such high levels that they can re- 
place incandescent lamps in running lights on trucks. Particularly where safety is involved, the longer life and inherent ruggedness of the sol- 
id-state devices make them a highly desirable substitute; the lower maintenance cost of the LEDs is a boon to any application. 


More light—some of it 
blue—Jrom less power 
unveils bright vistas of new 
applications for the latest 
light-emitting diodes 


biquitous, reliable, boring— 
those are the words many 
electronics engineers would 
use to describe light-emitting 
diodes (LEDs). Yet slow, steady 
advances in materials and 
structures now allow compa- 
nies to produce red LEDs 
bright and efficient enough to replace in- 
candescent lamps in automotive brake 
lights and traffic signals. Moreover, LEDs 
take about a million hours to degrade to half 
power, greatly reducing maintenance costs. 

Even full-color outdoor video displays 
based on LEDs are now possible. A Japanese 
company with no track record whatever in 
semiconductor devices seems to have dis- 
covered the long-sought Holy Grail of LED 
technology—a blue LED with a luminous ef- 
ficiency high enough to make it adequately 
bright at reasonable power levels. 

Back in 1962, when the technology was 
first commercialized by General Electric Co., 
the visible-light LED was arguably the sim- 
plest solid-state light-producing electro-opti- 
cal device imaginable [Fig. 1]. It consisted of a 
forward-biased p-n junction fabricated in a 
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I-V compound—a semiconducting material 
composed of chemical elements from 
columns III and V of the periodic table. When 
the bias voltage reached the level associated 
with the material’s energy gap €,), injection 
of minority carriers—electrons into the p 
material and holes into the n material—be- 
came appreciable, and significant conduction 
occurred. The minority carriers combined 
with majority carriers, liberating photons 
with an energy approximately equal to E,,. 

The earliest material for visible-wave- 
length LEDs was gallium arsenide phos- 
phide (GaAsP), with an energy gap that 
could be as large as 2.03 electron volts for 
an appropriately chosen ratio of As to P. 
The wavelength of the emitted radiation, |, 
equals the product of Planck’s constant, h, 
and the speed of light in a vacuum, ¢, divid- 
ed by E; so for an E, of 2.03 eV, the wave- 
length was 610.5 nm—which is red. 

The early LEDs had a luminous efficien- 

cy of less than 0.2 lumen per watt. There 
were two reasons for the poor luminous 
performance of these early LEDs: low in- 
ternal quantum efficiency and low extrac- 
tion efficiency. Indeed, the history of LED 
development to date has centered on the 
Herculean effort to improve the device’s 
quantum and extraction efficiencies. 
A LITTLE DEVICE PHYSICS. An LED’s internal 
quantum efficiency is simply the number of 
photons generated divided by the number 
of minority carriers injected. In an LED, 
most of the minority carriers are electrons 
injected into the p-doped region, so that 
the mental picture can be simplified to one 
of electron injection alone. 
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The electronic outdoor signs that festoon the 
urban landscape in Asia constitute a high- 
volume application for LEDs. 


Combining an injected electron with a 
hole to produce a photon is called, logically 
enough, a radiative recombination. If all the 
injected electrons recombined and all the 
recombinations were radiative, the internal 
quantum efficiency would be 100 percent. 
Device designers can make nearly all in- 
jected electrons recombine without much 
difficulty, but ensuring a high proportion of 
radiative recombinations is another story. 

If an injected electron remains free in 
the p-region long enough, it will encounter 
a hole and recombine radiatively. But other 
kinds of transitions compete with radiative 
recombination for each injected electron. 
The important common characteristic of 
these other transitions is their failure to 
produce photons—that is, they are nonra- 
diative recombinations [Fig. 2]. These tran- 
sitions occur at crystal imperfections of 


various sorts and dissipate their energy in- | 


to the crystal lattice as heat. 
Characteristic lifetimes of injected elec- 
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Source: (top) Flat-panel Displays and CATs, L.E. Tannas Jr., ed., Van Nostrand Reinhold, 1985; (center and bottom) LED catalog, |.I. Stanley Inc. 





[1] A basic visible-light-emitting diode is a simple electro-optical device. It utilizes a forward- 


biased p-n junction [top] in a semiconductor material that has a band gap capable of pro- 
ducing photons with visible wavelengths. Devices are in many forms, including [anticlock- 
wise from center] lamp-type, chip-type, and numerical-display structures. 


trons before they encounter a radiative re- 
combination (7,) or a nonradiative one (,,,) 
can be determined for any semiconducting 
material. If t, is much less than T,,, the in- 
ternal quantum efficiency will be very close 
to 100 percent, as in gallium arsenide 
(GaAs) devices. (For them, a typical T, is 5 
x 10° second.) Unfortunately for visible- 
light applications, GaAs emits in the in- 
frared part of the spectrum, and most oth- 
er semiconductors have a much lower 
internal quantum efficiency. 

The external—or overall—quantum ef- 
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ficiency of any LED is often much lower 
than its internal quantum efficiency be- 
cause many photons never leave the device. 
Finding ways of improving the extraction 
efficiency—the percentage of generated 
photons that actually find their way out of 
the device—has contributed as much to 
overall performance as have the more exot- 
ic efforts to improve internal quantum effi- 
ciency. Discussion of these approaches can 
wait till later. For now, a return to the semi- 
conductor energy gap and the wavelength 
of light produced by an LED is in order. 





Defining terms 


Brightness: a subjective attribute of light. It is 
described as varying over a range from very dim 


to blinding and is often used, erroneously, in 
place of luminance [see below], an objectively 


measurable quantity. With all other conditions 
constant, increasing the luminance will increase 
the sensation of brightness, but the relationship 
between luminance and brightness is highly 
nonlinear. 

Light: radiant energy able to stimulate the retina 
and initiate a visual sensation. (Note that this def- 
inition excludes ultraviolet and infrared wave- 
lengths, whereas physicists—including those 
working with LEDs—tend to call them all light.) 
Luminance: the luminous intensity per unit 
area projected in a given direction. The SI unit is 
the candela per square meter, sometimes called a 


nit. The foot-lambert, while deprecated by metric 


purists, is still in common use. (1 fL equals 
3.426 cd/m.) 

Luminous efficiency: the ratio, measured in 
lumens per watt, of luminous flux (see below) to 
the electric power that produced it. Since a true 
efficiency can only be expressed as a percentage, 
this use of the word “efficiency” is not formally 
correct. Therefore, in the information-display and 
illumination engineering worlds, “luminous effi- 
cacy” is sometimes used. The equivalent term in 
the LED literature is “luminous performance.” 
Luminous flux: ‘visible power’ measured in lu- 
mens. At a wavelength of 555 nm—the yellow- 
green light to which the human eye is most sen- 
sitive—1 W of radiant power is equivalent to a 
luminous flux of 680 Im. The eye's sensitivity 
falls off sharply, at 510 and 610 nm, 1 W is 
equivalent to only 340 Im. 


- Luminous intensity: the luminous flux per 


solid angle emitted from a point, measured in lu- 
-Mens per steradian, or candelas (cd). 











The energy gap of a semiconductor is the 
minimum energy separating the valence 
band and the conduction band. Each band 
contains the possible combinations of ener- 
gy and momentum for one type of carri- 
er—the valence band those for the carri- 
ers of positive charge (holes) and the 
conduction band those for the negative 
charge carriers (electrons). 

The simplest situation occurs when E, is 
found at the point where the hole and elec- 
tron momenta are both zero [Fig. 3, leftl. 
An electron and hole can then readily com- 
bine and in so doing emit a photon, because 
the interaction conserves energy and mo- 
mentum. Energy is conserved because the 
energy of the emitted photon equals the 
energy lost by the electron as it combines 
with the hole. Momentum is conserved be- 
cause the electron and hole momenta were 
both essentially zero to begin with, and 
photons have almost no momentum. 

This kind of gap is called a direct energy 
gap, and the semiconductor that contains it 
is called a direct semiconductor. Clearly, di- 
rect semiconductors favor radiative recom- 
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Source: Flat-panel Displays and CATs, L.E. Tannas Jr., ed., Van Nostrand Reinhold, 1985 





[2] In an LED, electrons injected across the p-n junction combine with holes in radiative 
recombinations, which produce photons, or in nonradiative recombinations, which do not. 
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[3] Electrons in the conduction band of a direct semiconductor have essentially zero mo- 
mentum and can directly recombine with a hole, producing a photon. In an indirect semi- 
conductor, a more complicated interaction is required to conserve momentum. 
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Source: “Light-emitting diodes,” M. George Craford and Frank M. Steranka, Encyclopedia of Applied Physics, Vol. 8, VCH Publishers, 1994. 











[4] The simplest LEDs [left] are formed by epitaxially growing an n-type film on a substrate 
and creating a p-type junction in the film. They are called homojunction devices because 
both sides of the junction are formed from the same basic material. A single heterostructure 
[center] overcomes some of the limitations of homojunction devices by using a different ma- 
terial for the p and n sides of the p-n junction. In a double heterostructure [right], an addi- 
tional layer of material confines injected electrons within the active layer. 
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bination. Unfortunately, the only colors 
available from early direct semiconductors 
suitable for visible LEDs were shades of red. 

A wider range of colors was available 
from another class of devices, indirect 
semiconductors, in which the holes still 
cluster around zero momentum but the 
electrons cluster around a nonzero mo- 
mentum [Fig. 3, right]. Thus a recombina- 
tion that emitted only a photon of energy 
E, would conserve energy but not momen- 
tum, and therefore cannot occur. 

The only way a radiative recombination 
can take place in these circumstances is for 
the interaction to produce a particle (or 
something capable of acting like a particle) 
that can carry away the initial electron mo- 
mentum. Fortunately, an appropriate some- 
thing exists: a quantum of vibrational ener- 
gy in the crystal lattice—a phonon—that 
produces heat transfer to (or from) the lat- 
tice. Thus the interaction of concern is one 
in which an electron in the conduction band 
combines with a hole in the valence band, 
simultaneously producing a phonon and a 
photon. The combined energy of the resul- 
tant phonon-photon pair equals E, and the 
sum of the initial electron momentum and 
the phonon momentum equals zero. 

One of the principles of particle physics 
is that, if an interaction can happen, it will. 
But the combination of conditions that al- 
lows an indirect radiative recombination to 
occur is far less likely than the simpler set 
of conditions that permits a direct radiative 
recombination. As a result, indirect semi- 
conductors are characterized by a longer 
recombination time (7,) and a larger ratio 
of recombination to nonrecombination 
(¢,/T,,) than are direct semiconductors, as 
well as relatively low quantum efficiencies. 
DIRTY TRICKS. Many commercial devices 
are made from such indirect semiconduc- 
tors as gallium phosphide (GaP), which pro- 
duces green, and silicon carbide (SiC), 
which produces blue. From the beginning, 
there was intense interest in improving the 
luminous performance of these devices. 

One approach is to add an isoelectronic 
impurity—one from the same column of the 
periodic table as the element it replaces. An 
example is nitrogen in GaP, designated 
GaP:N. Each nitrogen atom creates a local- 
ized strain in the crystal that can trap an 
electron. The electrons are bound so firmly 
that there is little uncertainty as to their po- 
sition. But there is, according to the Heisen- 
berg uncertainty principle, a large statistical 
uncertainty in their momentum. The uncer- 
tainty is large enough for each electron to 
have a significant probability of having zero 
momentum and undergoing a direct radia- 
tive recombination. This quantum-mechani- 
cal trick raises the radiative recombination 
rate, but not enough to rival the rate in di- 
rect semiconductors. 

Another trick is to use such three-ele- 
ment alloys as GaAs,,P,, and such four-ele- 
ment alloys as (Al,Ga,_,), In) .P. The energy 
gap can be varied by altering the propor- 
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tions of the elements in the alloy, and many 100 

of these semiconducting alloy systems | 
change from an indirect to a direct semicon- 
ductor at some composition—some value of 
x in the chemical expressions above—that 
| dramatically increases the quantum efficien- 
cy. When GaAsP contains 70 percent GaP, 
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these materials developments allowed LED 


designers to develop highly efficient de- 
vices in different colors? Consider the 
structure of a GaP:N diode [Fig. 4, leftl. 
The n-type film is epitaxially grown on the 
substrate, and the junction is formed by dif- 
fusing a p-type dopant into the film or by 
changing the dopant during the growth of 
the epitaxial film. In either case, both sides 
of the junction are formed from the same 
basic material, so devices of this kind are 
called homojunction devices. 

These devices can be made easily and eco- 
nomically, but they have severe limitations. 
To maximize quantum efficiency, designers 
would like to dope both sides of the junction 
heavily. However, this produces a deep junc- 
tion—one quite far below the anode contact 
in Fig. 4. As a result, in direct semiconduc- 
| tors, many photons are absorbed by the 
semiconducting material before reaching the 
anode surface where they are emitted. But if 
the junction were shallow (which would also 
result in a lightly doped layer that would not 
produce or convert injected electrons effi- 
ciently), a lot of the injected electrons would 
reach the surface before they could recom- 
bine and produce photons. (Surface recombi- 
nation is usually nonradiative.) 

In indirect semiconductors, photons are 
absorbed much less readily, so junctions can 
be deep. However, heavily doping the n-type 
side of the junction (as is needed for effec- 
tive electron injection) inevitably shortens 
the nonradiative lifetime. The standard 
compromise is suboptimal doping and re- 
duced device efficiency. 


ter]. The device is fabricated by growing a 
window layer of n-type AlGaAs on the ac- 
tive layer of p-type GaAs. The window layer 
is transparent to the photons generated in 
the active layer, and can therefore be made 


based on it typically have an external quantum 
efficiency of 4 percent and a luminous perfor- 
mance of 2 lumens per watt. But problems re- 
main. Some of the injected electrons penetrate 
deeply into the active region before recombin- 
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Source: “LEDs Challenge the Incandescents,” M. George Craford, /EEE Circuits & Devices Magazine, September 1992 








[5] The luminous performance of LEDs 
has risen by a factor of 100 over the last 25 
years, and more improvements are in 
sight. A milestone was passed when the 
performance of red LEDs exceeded that of 
red-filtered incandescent lamps, opening 
the automotive brake-light market to sol- 
id-state devices. Full-color displays re- 
quire red, blue, and green, but until very 
recently no blue diodes performed well 
enough even in a laboratory. 


Some visible-light-emitting diodes characterized 
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Source: based on “LEDs Challenge the Incandescents,” M.George Craford, /EFF Circuits & Devices Magazine, September 1992 
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ing, and many of the photons produced by 
these interactions are absorbed before making 
their way to the surface. Of course, photons 
emitted downward will be absorbed. 

To utilize these wasted photons, designers 
developed a double heterostructure. An ac- 
tive layer is sandwiched between two layers 
fabricated from materials (or a material) dif- 
ferent from that of the active layer with larg- 
er energy gaps [Fig. 4, right]. The upper lay- 
er is still called the window layer; the lower 
layer is the confining layer, whose larger en- 
ergy gap keeps the injected electrons from 
penetrating beyond the heterojunction. This 
allows designers to make the active region 
thin, which minimizes absorption. 

GETTING THE LIGHT OUT. The external quantum 
efficiency of an LED equals its internal quan- 
tum efficiency multiplied by the device’s ex- 
traction efficiency. Extraction efficiency is 
usually much less than 1; extracting light 
from an LED semiconductor chip is difficult. 
Because of absorption losses, reflection at 
the junctions, and total internal reflection at 
emission angles greater than the critical an- 
gle—about 25 degrees for epoxy-encapsulat- 
ed diodes—the extraction efficiency can be 








as low as 4 percent if the active layer is thin 
and emission through its edges is therefore 
negligible. As a result, even a superb LED 
material with an internal quantum efficiency 
of 100 percent will end up as a device having 
an external efficiency of only 4 percent! 

Designers at companies such as 
Hewlett-Packard Co. in the United States 
and Toshiba Corp. and Stanley Electric Co. 
in Japan did not labor long and hard on 
problems of quantum mechanics and de- 
vice structure to be defeated by problems 
in classical optics. They proceeded to make 
the active layer quite thick—up to tens of 
micrometers—which produced good edge 
emission and raised the extraction efficien- 
cy to more than 10 percent. 

In double heterostructures, it is possible 
to grow a confining layer so thick—greater 
than 100 um—that the substrate can be 
completely removed. The confining layer 
then serves as a new, transparent sub- 
strate. In a device with a transparent sub- 
strate, a great deal of the light that is emit- 
ted downward reflects from the back of the 
chip and escapes. As a result, the extraction 
efficiency can rise to about 30 percent. 





[6] The center high-mounted stop light seen in the latest cars is one of the high-volume appli- 
cations opening to state-of-the-art LEDs that outperform red-filtered incandescents. 
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[7] Gaming displays built around LEDs create an impressive, informative, and reliable envi- 
ronment for horse players at the Mirage Casino-Hotel in Las Vegas, Nev. 
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Commercial red LEDs made of AlGaAs 
with a double heterostructure and trans- 
parent substrate currently produce in the 





vicinity of 10 Im/W. So do red, orange, and | 
yellow LEDs made of AllInGaP with an ab- | 


sorbing substrate. Transparent-substrate 
AllnGaP devices about to enter commer- 
cial manufacturing are producing 20 lm/W. 
Fred Kish and his colleagues at Hewlett- 
Packard have recently reported an orange, 
40-Im/W device. This is one of a new family 
of transparent-substrate devices fabricated 
with semiconductor wafer bonding. The 
original n-type absorbing GaAs substrate 
on which the subsequent device layers have 
been grown is chemically etched away. The 
remaining layers are then wafer-bonded 
under heat and pressure to a transparent n- 
type GaP substrate about 0.25 mm thick. 
The 40-lm/W device from this family has 
a luminous performance that is better than 
that of an unfiltered halogen bulb. Across 
the entire visible spectrum, the new archi- 
tecture produces devices with double the 
luminous performance of the best previous 
devices, according to Kish. 
MILESTONES AND USES. When the first visi- 
ble GaAsP LEDs were commercialized in 
1962, they would have made Henry Ford 
feel pretty much at home: customers could 


have any color they wanted, as long as it | 


was red. The luminous efficiency of these 
devices was 015 Im/W [Fig. 5], suitable for 
many indicator lamps and numerical read- 
outs but nowhere near outshining the 3.5 
Im/W of a red-filtered incandescent lamp. 
With the development of isoelectronically 
doped indirect semiconductors in the mid- 


1970s, diodes became both brighter and | 


more varied. Red and yellow diodes made 
with GaAsP:N and green diodes made with 
GaP:N were producing about 1 Im/W. Single- 


heterostructure AlGaAs/GaAs diodes raised _| 


the state of the art to 2 Im/W. 


By about 1989, double-heterostructure | 
AlGaAs/GaAs and AlGaAs/AlGaAs diodes 


exceeded the luminous efficiency of red-fil- 
tered incandescent lamps, opening up a lu- 
crative market: the replacement of auto- 
motive brake lights [Fig. 6]. Several 
automobile models now use such LEDs in 


the braking lights mounted in the center of | 


their rear windows—the so-called center 
high-mounted stop lights, or CHMSLs. 
Running lights for the sides of both cars 
and trucks are other possible applications. 


Interior and exterior displays commonly | 


use red AlGaAs, green GaP:N, and red, or- 
ange, and yellow GaAsP/GaP or GaAsP:N 
LEDs [Fig. 7]. The recently developed 
AllnGaP material system is already produc- 
ing devices that are superior to all others in 
luminous efficiency between 590 nm (yel- 
low) and 620 nm (orange). George Craford 


of Hewlett-Packard Optoelectronics pre- | 


dicts it will soon be the material of choice 
from 550 to 630 nm. Clarence Bruce, direc- 
tor of marketing for AND, Burlingame, 
Calif., says that AllnGaP will be the work- 
horse material for the next few years. 


IEEE SPECTRUM JULY 1994 











_ Transactions from 
Japan covering 


Electronics, Communications, Computer Sciences 


| Published by The Institute of Electronics, 
| Information and Communication Engineers (IEICE) 


TRAM AN 





on information and Systems 


ud 








Special Issue on Aiporithmia Learning 


cn 


TRA 
on Communications 


Pe a 


Special Section on Network Planning 


VOLE 7S-D 


Ri 
JULY 1992 


‘ro 


lEIc 


TRANSACTIONS 


on Fundamentals of Electronics; 
Communications 
and Computer Sciences 


Special Section on Multidimensional Signal Processing 
Special Section on the 1992 1EICE Spring Conference 


VOUETE:A 
SULY 1992 


ic pase ep tC ENA SR UNENG LUCA 











IEICE Transactions are the English publications of IEICE, 
featuring Original scientific and technical papers 
Tutorials and invited papers 


| Facts about IEICE: 


|| Largest Japanese professional society 


in engineering with 39,000 members. Special Issues /Sections on hot topics 
Established an 1087 Over 5000 pages of valuable information printed in 4 volumes. 
| Vol.A: IEICE Transactions on Fundamentals of Electronics, Communications and 
| 12 monthly publications; 1 Journal, 7 Computer Sciences 
|| Japanese Transactions, and 4 English | VolB: IEICE Transactions on Communications 
|| Transactions. Vol.C: IEICE Transactions on Electronics 
Vol.D: IEICE Transactions on Information and Systems 
\| || Sponsors /Co-sponsors many 
| international conferences; For subscription or for further information, contact Maruzen 
| | eg. ISS'92, Networks '92, OEC'92, | Maruzen Co., International Div., Export Dept., P.O. Box 5050 Tokyo International 100-31 Japan 
|| Globecom'87, ICASSP '86, cars 
I} ISCAS'85...c.00--. | Annual Subscription Fee 


For each volume (12 issues) $100 / For all 4 volumes (48 issues) $360 Circle No. 4 




















NEC NEWSCOPE 


RISC SERVERS 
OPTIMIZED FOR 


WINDOWS NT 


he Windows NT™ environment 

is opening a new era of multi- 

tasking, client/server comput- 
ing. NEC has developed a pair of RISC- 
based systems that maximize the capa- 
bilities of Windows NT. 

The NEC Express RISCserver™ is 
built around our 64-bit Vr4400MC™ 
MIPS® RISC microprocessor, operating 
at 150MHz internally. 

The Express RISCserver is scalable for 
computing environments ranging from 
a workgroup to enterprise. It features 
our exclusive MultiRISC™ technology 
for dual-processor operation. 
MultiRISC architecture also improves 
overall system performance by provid- 
ing direct memory-access control for 
all I/O devices. 

Databases become more efficient, 
more reliable and easier to manage with 
our Express RISCserver. The system of- 
fers high-speed execution of Microsoft® 
SQL Server — one of the most powerful 
relational database management sys- 
tems available today. 

For professional client Windows NT 
applications, we have the Image™ 
RISCstation™ Featuring a 133MHz 
Vr4400PC™ CPU, 32-bit Ethernet®, 
SCSI-2 with NEC CD-ROM and 16MB 
system memory, the Image RISCstation 
is the ideal platform for Microsoft 32-bit 
professional applications. 
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NEC Express RISCservers and Image RISCstations are on sal 
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Updates on the scope and depth of NEC technologies 





VSAT FOR 


FULL-COLOR 





VAST-AREA 


TFT LCDs. 





NETWORKING 





ne of the most efficient ways 

to establish a nationwide or 

worldwide network is to use a 
VSAT (Very Small-Aperture Terminal) 
satellite communications system. 
VSAT systems are reliable and eco- 
nomical for corporate networks or 
public infrastructures. They provide 
optimum solutions for data, voice, 
image and video communications. 

NEC is an industry leader in supply- 
ing and implementing VSAT networks 
around the world. Our 4th-generation 
NEXTAR™IV System provides efficient 
satellite access based on our propri- 
etary Advanced Adaptive Assignment 
TDMA* scheme. It handles interactive 
and batch data transmission, as well as 
stream data, LAN data and voice/fax 
communications. Data broadcasting/ 
video reception are add-on options. 
Recent orders for our VSAT systems 

have come from a securities company 
in China, leading banks in Mexico and 
a steel-industry group in Russia, as 
well as from service 








providers in 
Argentina, China 
and Russia. 


, Time-Division, Multiple-Access 


All trademarks are property of their respective holders. 


FOR MULTIMEDIA 





EC is introducing a 24cm 

(9.4-inch) LCD designed for 

TV/PCs and multimedia 
applications. The new TFT (thin- 
film-transistor) active-matrix 
LCD displays moving pictures in 
natural color. 

The screen uses an analog RGB 
interface to display NTSC TV 
pictures or computer graphics of 
640 x 480/400 pixels. It combines 
full-color capability with low 
power consumption of only 11W. 
The LCD module measures 
257mm wide, 179mm high and 


16mm deep. It weighs 800g. 

The analog interface consists of three 
chips: analog interface, data inverter 
and analog driver. To achieve low 
power consumption and high speed, 
NEC used CMOS and BiCMOS tech- 
nologies in the chip set. NEC plans 
to develop a 17cm (6.5-inch) full-color 
LCD using the same analog input 
technology. 
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HIGH-PERFORMANCE ATM CHIP SET 





EC now offers an advanced 

two-chip ATM (Asynchro- 

nous Transfer.Mode) solution 
for the emerging multimedia LAN and 
WAN markets. Our chip set is ideal for 
use in ATM network interface cards for 
servers, workstations, internetworking 
equipment and digital video sets. 

NEC's local ATM SAR chip handles 

all processing for the ATM layer and 
Segmentation and Reassembly in the 
ATM Adaptation Layer (AAL). 
Our chip fully supports the AAL5 and 
assists the AAL1 and AAL3/4 for voice, 
video and data transmission. 


Our local ATM SONET framer sup- 
ports the Transmission Convergence 
sub-layer and SONET in the physical 
layer. It performs high-speed data 
transmission with a 156Mbps (SONET 
STS-3c) serial interface and 19.44MHz 
parallel interface. 

NEC's chip set also features wide 
32K virtual connection support, 
UTOPIA-based interface and generic 
DMA controller for easy connection 
with popular buses such as SBus and 
PCI. The chip set conforms to ITU-TS, 
ANSI 1T1S1 and ATM Forum recom- 
mendations. 


NE 














Introducing the 1994 
IEEE All-Society Periodicals Package 


The core collection of quality journals and magazines in 
electrical engineering, electronics and computing... 


..subscribe today and get over one third of them free! 


iF electrical engineering, a “core” is a mass of material that directs and increases 
the strength of a field. The 89 journals and magazines in IEEE’s All-Society Periodicals 
Package virtually define the fields of electrical engineering, electronics, and computing. 


Our All-Society Package Brings You These Major Benefits: 


Core Collection in the Field 

IEEE periodicals cover every aspect of 
electrical engineering, electronics and com- 
puting completely and authoritatively. By 
subscribing to the All-Society Package, you'll 
maintain the core collection of your library by 
receiving the major work in the field. 





Get Over 1/3 Free 
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periodicals. If you subscribed to each one 
individually, you'd pay $16,949. That’s a 
savings of $6,954 or over one-third! 


Free 1994 Index 
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What’s been missing is the color blue, 
with which manufacturers could make white 
LED lamps and full-color LED displays, in- 
cluding full-color outdoor and stadium dis- 
plays. Eye-catching electronic billboards— 
relatively uncommon at present in North 
America and Europe (except in places like 
Times Square and Las Vegas)—are a stan- 
| dard feature of Asia’s urban landscapes. The 
market for a bright, reasonably priced blue 
diode in such applications is huge. 

Blue diodes made from silicon carbide 
(SiC), with an indirect band gap of 2.86 eV, do 
exist. However, they suffer from a very low 
luminous efficiency of about 0.04 Im/W so 
research has focused on finding an isoelec- 
tronic dopant for SiC to boost its efficiency. 
TRUE BLUE. But recently, almost out of the 
blue, a chemical company with no back- 
ground in manufacturing semiconductor de- 
vices announced a double-heterostructure 
blue LED [Fig. 8] made from zinc-doped in- 
dium gallium nitride (InGaN) and aluminum 
gallium nitride (AlGaN). The company, 
Nichia Chemical Industries Inc. Anan, 
Tokushima, Japan, is the country’s largest 
producer of fluorescent materials, including 
those for fluorescent lamps. It brought its 
GaN diode to market two years earlier than 
the most optimistic estimates of industry 
leaders. According to Tomoji Ogawa of 
Nichia America Corp., the company’s suc- 
cess hinged on solving two long-term prob- 
lems in the fabrication of GaN devices. 

The first problem was that GaN usually 
comes out as n-type when grown, and pro- 
ducing high-quality p-type material has 
proved extremely difficult. But in 1991, Shuji 
Makamura, a principal scientist at Nichia, dis- 
closed a technique for forming p-n junctions 
in GaN by converting magnesium-doped 
GaN to p-type using N, ambient thermal an- 
nealing. The current zinc-doped InGaN de- 
vices uses a variation on this technique. 

The second problem was that no substrate 
has a crystal lattice well-matched to GaN; the 
closest is sapphire (A1,O,), but the match is 
so poor that epitaxial GaN films grown on the 
sapphire have a high defect density. Progress 
came with the idea of using polycrystalline 
aluminum nitride (AIN) as a buffer layer be- 
tween the sapphire and GaN to cushion lat- 
tice mismatch. Then, Nichia’s Nakamura sub- 
stituted polycrystalline GaN for the AIN and 
performance improved dramatically. 

Nichia’s commercial diode has an external 
quantum efficiency exceeding 2 percent, as 
compared to SiC’s 0.02 percent. The units 
typically produce a luminous intensity of 
1000 millicandelas, about 100 times greater 
than that of existing devices. (It is a peculiar- 
ity of the industry that luminous intensity is 
often specified in’ millicandelas even when 
the numbers involved are 1000 or more.) 
Widely available red and yellow LEDs pro- 
duce 2000 mcd, and the bright orange, dou- 
ble-heterostructure AllInGaP LED recently 
introduced by AND produces 18 000 med. 

Nichia started manufacturing its blue 
diodes at a rate of 1 million per month in 





Werner—Higher visibility for LEDs 








Nichia Chemical Industries Ltd. 


[8] Blue gallium-nitride LEDs from Nichia 
Chemical Industries Ltd. outshine earlier 
silicon carbide diodes. The total luminous 
flux of each device shown above is actually 
the same; the apparent difference in bright- 
ness is due to the uneven angular distribu- 
tion of their luminous intensity. The double 
heterostructure [below] of the devices is com- 
plex but overcomes difficulties in doping 
and in matching crystal lattices. 
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April and sells them for US $5 each in quanti- 
ty. In comparison, the bright AND unit costs 
$5.73 each in quantities of 500, and Stanley’s 
3000-mcd red diode costs $2.00 to $2.50 in 
quantity. One industry marketing executive 
said that to sell in very large numbers, the 
prices must fall to less than $1. 

AND’s Clarence Bruce predicts that the 
price of today’s brightest AllnGaP LEDs 
will fall to about 25 cents within the next 
five years. At that level, many small light 
bulbs in industrial applications should be 
replaced by LEDs, he said. 

A potentially lucrative market is the re- 
placement of incandescent light bulbs in traf- 
fic signals. The long-lived bulbs they now use 
are not expensive, but failures are potentially 
dangerous, replacement disrupts traffic, and 
the labor and equipment required to replace 
a bulb are expensive. The essentially unlimit- 
ed lifetime of LEDs—degradation to half 
brightness has been estimated at 1 million 
hours—is therefore very attractive. 

LEDs are packaged as traditional lamps, 
as chips that are automatically mountable 
from tape, and as modules for numerical 
displays, as well as being made into water- 
proof lamp modules. In another standard 
configuration, an LED and a photoreceptor 
are mounted in the opposite prongs of a 





two-armed plastic housing. The resulting 


unit serves to detect the presence of a flop- 
py disk when it is installed in a disk drive or 
the presence of paper in a laser printer. 

Rectangular LED light bars put two or 

more LED chips in an epoxy package and are 
used for backlighting stenciled messages. 
Long, thin, flexible packages containing 
dozens of LED chips are used as backlights 
for small liquid-crystal displays. Stanley is 
about to introduce a compact right-angle sur- 
face-mount LED package, which has not 
been available until now. As a result, Stanley’s 
customer, Dialight, has had to mount a prism 
on top of a Stanley surface-mount LED. Stan- 
ley applications engineer Don Clary is enthu- 
siastic about the possibilities. 
PLAYERS AND PROSPECTS. The top tier of 
LED manufacturers comprises Hewlett- 
Packard, Matsushita, Sharp, Stanley, and 
Toshiba (in alphabetical order). Among the 
other manufacturers, AND is producing 
state-of-the-art products, and Nichia seems 
to have the only bright blue diodes. 

Many vendors offer packaged LED dis- 
plays and instruments for specialized appli- 
cations. For one, Trans-Lux—the develop- 
er of the first large-scale moving display in 
1923—makes a variety of displays for finan- 
cial and gaming applications. Also, Teledyne 
produces its own LEDs and assembles 
them into instrument readouts, light bars, 
and indicators for avionics applications. 

As pervasive as LEDs may seem today, 
they will likely become far more common, 
The rapidly improving luminous efficiency 
of LEDs will let them compete with incan- 
descent bulbs in applications where reli- 
ability, rather than power consumption, is 
the key issue. Moreover, the new genera- 
tion of devices will be far less demanding 
on the power budget of battery-operated 
systems than were older LEDs. 

Development of the bright blue LED 
may open the way for white LED light 
sources that could be used as, for example, 
backlights for laptop computer screens. 
When—and perhaps before—the blue 
diodes drop in price, they will almost cer- 
tainly lead to large full-color video screens, 
which manufacturers may well field as di- 
rect competitors of such CRT-based stadi- 
um displays as the Sony Jumbotron. 

TO PROBE FURTHER. A clear and detailed re- 
view of the physics, fabrication, and evolu- 
tion of light-emitting diodes can be found in 
“Light-Emitting Diodes,’ by M. George 
Craford and Frank M. Steranka, a chapter 
in the Encyclopedia of Applied Physics, Vol. 
8 (VCH Publishers, 1994, ISBN 1-56081- 
067-X). Less demanding slices of this mate- 
rial appear in Craford’s “LEDs Challenge 
the Incandescents,” JEEE Circuits & 
Devices Magazine, Vol. 8 (September 1992), 
pp. 24-29, and “LEDs Get Brighter... Much 
Brighter” in Information Display maga- 
zine, Vol. 9 (February 1993), pp. 12-14. The 
most recent textbook on LEDs is Light 
Emitting Diodes—An Introduction by 
Klaus Gillessen and Werner Schairer 
(Prentice-Hall, 1987). 4 
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PROFESSION/CAREERS 


A Capitol experience 


| An engineer recollects the 
year he spent as an IEEE 
Congressional Fellow, 
serving as a legislative 
assistant to a UI. 8. senator 


hey play hardball here, 
George. Orin Marvel 
pushed his chair back 
from the table in the 
Senate cafeteria, took 
another sip of his cof- 
fee. and continued to 
discuss the differences 
between working as an 
engineer and as a congressional staffer. He 
and Glenn Heidebreder, who were complet- 
ing their terms as IEEE Congressional 
Science Fellows. talked about the value of 
having as many interviews as possible, point- 
ing out that they would help me build a net- 
work of Capitol Hill contacts~ -a staffer’s 
lifeline. They gave me advice on how to 
get past the gate keepers and see the peo- 
ple who make decisions about staffing. 
They talked about the duties of a staffer 
and how te be an effective one. When 
lunch was over. they wouldn’t even let me 
pay for their sandwiches 

I had applied for an TEEE Congressional 
Fellowship mostly from personal curiosity 
abont. how government. really works. News 
of my appointment had arrived less than 
two weeks before this meeting. I figured 
that Orin and Glenn. who had been in my 
position just 2 year earlier. should be able 
to give me good advice But as I thanked 
them and vent hack to my car. the things 
they told me kept tumbling in my head like 
colored hits in a kaleidoscope 

That was 10 years ago. and a kaleido- 
scope is still the best metaphor I can find 
for the experience of working on the per 
sonal staff of a TTS. senator. It was a year 
of jumping from one topic to another, of 
hurried meetings. of learning half a dozen 
new skills, of going home every evening to 
see the evening news announcers discuss 
what had been the office gossip of the day. 
It was a strenuous year, but it taught me 
skills T have found useful ever since [see 
“When the Fellowship year ends.” p. 43] 
and made me understand how nearly un- 
govyernahle the United States really is 


The Mitre Corp. 
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| George F. Swetnam Jr. 
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“The framers of the Constitution did not 
give us a government of statesmen, but of 
| representatives.” Mark Talisman had spent 
many years as an administrative assistant 
to Representative Charles Vanik (D—Ohio), 
and he was one of the first speakers in the 
| orientation session run by the American 
| Association for the Advancement of 
Science (AAAS) for some 33 Fellows from 
a dozen or so academic and engineering so- 
cieties. He went on to observe that mem- 
bers of Congress, although not all wise, 
good, or honest, are nonetheless a repre- 
sentative group of Americans—some bril- 
liant, some decently plodding, some self- 
serving. “The quality of the member you 
work for is going to count more than 
whether he or she is a veteran or fresh- 
man, or sits on the majority or minority 
side of the aisle.” 

Getting a post with a member of 
Congress turned out to be a grinding series 
of cold calls on the offices that earlier fel- 
lows, independent research, and a few 
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hunches suggested as likely spots. The pic- 
ture that emerged was a collage of 535 
special situations: all members of Congress 
have their own styles, priorities, and orga- 
nizations. Some staff members were sur- 
prisingly frank about what they would ex- 
pect me to do: push a particular measure 
or do something else for the member’s dis- 
trict. Some offices, having employed 
Congressional Fellows before, had dotted- 
line boxes in their organizational charts la- 
beled, “Put Congressional Fellow Here.” 
Others had no idea what a Congressional 
Fellow was and wondered if they should re- 
fer me to the Library of Congress or the 
National Zoo. But my salary wouldn’t come 
out of their budgets, and that helped me. 
IN PLACE. In the end, I secured a spot on 
the personal (as opposed to committee) 
staff of Senator Bill Bradley (D-N.J.). In ad- 
dition to respecting the man himself, I liked 
the way he organized his operation. Most 
of the other 20-odd offices where I had in- 
terviews appeared to operate on the edge 
of chaos. Bradley, who is sharp 
and conscientious, put me 
through a job interview that 
was one of the most intense 
grillings I have ever had. 
Whatever subject you may 
have written about in your dis- 
sertation, on the Hill every 
staffer is a generalist. As a leg- 
islative assistant (LA), I was 
assigned two subject areas, 
transportation and the envi- 
ronment, chiefly for the con- 
venience of the receptionist 
and the clerks in the mail 
room, so they would know 
where to direct constituents, 
lobbyists, and mail. The Clean 
Water Act, my chief responsi- 
bility, was up for renewal in 
the 98th Congress. In the end, 
the 98th Congress closed 
without passing the revisions, 
but we spent a lot of time in 
preparation and negotiation 
with other Senate offices. 
I had to bone up on such 
topics as the economics of 
the proposed sale of Conrail, a 
government-owned network of 

railroads; whether RoadRailer 
trailers (large trailers with steel 
wheels they can lower to permit 
them to roll on railroad tracks) 
should be taxed at the same rate as 
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piggyback trailers (conventional truck trail- 
ers strapped onto railroad _flatcars); 
whether a desolate, abandoned Army post 
had become a wildlife refuge through ne- 
glect; how the way benzene rings are 
joined affects the toxicity of the resulting 
compound; why it was important that a 
piece of dry land could be legally classified 
as navigable water; and what kinds of fish 
are the most likely to accumulate polychlo- 
rinated biphenyls (PCBs) in their flesh. 

MR. SCIENCE. Most Hill staffers (and 
Congressmen) have legal training; some 
have studied economics or other fields. All 
are bright and work like demons, but few 
have any background in science. When a 
constituent wrote us an angry letter inti- 
mating that the Environmental Protection 
Agency (EPA) was ignoring his proposed 
method of measuring asbestos in schools, 
no one could understand its technical con- 
tent. Because the staff was convinced that I 
secretly kept a white lab coat hidden some- 
where, they brought the letter to me for 
translation. Fortunately, I was able to help. 

One of the internal memoranda I wrote 
that year discussed risk assessment. Con- 
gress has written unenforceable laws because 
its members apparently don’t understand all 
the implications of a blanket prohibition. The 
EPA, for example, must forbid all manufactur- 
ing processes that produce any dioxin what- 
ever as a by-product. As written, the law 
doesn’t state a permissible trace level. Thus, 
the EPA will be required, under the law, to 
shut down more and more factories as ana- 
lytical techniques improve and EPA techni- 
clans succeed in detecting ever smaller 
amounts of the compound. Eventually, they 
will have to shut down every petrochemical 
factory in the country, since it is not possible 
to remove every last attogram (10™8 gram) of 
dioxin from anything. 

Risk assessment offers tools to quantify 
risk and balance it against costs. But politi- 
cians get very uncomfortable when asked 
to put their names on a law if it leaves 
them open to such accusations as, “The cri- 
terion in this law will generate 260 new 
cancers per year”’—or as a typical political 
opponent would say, “will condemn 260 
children a year to death by cancer.” 

TOOLS OF THE TRADE. One nice thing about 
the life of a Hill staffer is the number of 
organizations that exist seemingly to feed 
you information. You can obtain the latest 
version of a legislative measure from the 
Senate Document Room by asking for the 
“Bill and Report.” There are many other 
sources of information, including the 
Library of Congress, which puts out in- 
formation packages called Issue Briefs 
that contain copies of recent articles as 
well as other relevant material; the 
Democratic and Republican Policy 
Committees, both of which publish weekly 
newsletters; the General Accounting 
Office; the Congressional Budget Office; 
the congressional caucuses; and the Office 
of Technology Assessment. Not to men- 
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tion lobbyists—I spent a lot of time talking 
to them. 

You must give your member a balanced 
picture of every issue, and you quickly dis- 
cover that most questions have at least two 
sides, and usually more. Lobbyists all know 
that if they lie to you, the word will spread 
like wildfire and end their influence in a 
flash. But they are under no constraint to 
give you a balanced view. One lobbyist will 
present an excellent argument for his or 
her position, with iron-clad supporting ma- 
terial. “We’re not asking for special treat- 
ment; we just want a level playing field,” the 
lobbyists tell you. The trick is to listen care- 
fully, then call up a lobbyist on the other side 
of the issue, who will arrive with a sheaf of 
documentation and excellent arguments in 
favor of that position. “We don’t want any 
special legal favors,” the second lobbyist in- 
sists, “we just want a level playing field.” 

Then you check with LAs in other offices 
to find out which other groups are lobbying 
for and against the issue, and you talk to 
them. A call to the Library of Congress 
should bring you an Issue Brief. Because 
the Congressional Research Service folks 
pay attention to whatever issues are cur- 
rent, they are always ready to write custom 
reports, as well. You call your member’s 
home district office and ask whether orga- 
nized labor has a position on the issue and 
whether business interests have gotten in 
touch about it. 

Now you are almost done. You pull up your 
word processor and write a report that cov- 
ers all the material, condensing it to a maxi- 
mum of two pages, with a one-paragraph 
summary up front, as well as your recom- 
mendation on how the member should vote 
and the reasons for your position. 

Then you wait. 

Some 1700 bills are introduced in a typi- 
cal two-year session of Congress. Your 
member is probably worried about health 
care, or the budget, or soybean price sup- 
ports and doesn’t have time to read your 
memo on some other topic. Eventually, 
though, a window of opportunity will open. 
It might be the opportunity to co-sponsor a 
bill, to testify at a hearing, to co-sign a 
“Dear Colleague” letter, or even to vote on 
the floor. 

On that day, you know the window is 
opening, so you put the report on the mem- 
ber’s desk. When the voting bell rings, you 
dash down to his or her office. As your 
member heads for the committee room or 
the floor, you scurry along, answering 
questions in more depth. If you work for 
Bill Bradley—formerly a professional bas- 
ketball player—you get used to tilting your 
head back as you walk; the guy is tall. Then 
you go back to your desk and listen to “the 
box”—a small radio tuned to an FM chan- 
nel that broadcasts the proceedings from 
the Senate floor—to find out if your mem- 
ber followed your advice. 

An interesting sidelight on this process 
is the effect it has on the staffer’s personal 





opinions. I noticed that during my session, 
most of the Fellows ended up moving to- 
ward the political center no matter where 
they had started. 

READING THE MAIL. In my job as an engineer 
for a large consulting firm, I get lots of 
mail. If I return from a two-week vacation, 
I can count on finding a foot-high stack of 
letters. But when I was an LA in the 
Senate, I got a foot-high stack of letters 
about transportation and the environment 
every day. 

Unlike LAs in the House, I didn’t go 
through letters from constituents. Senate 
staff sizes depend on population, and Senator 
Bradley had 66 people in Washington, includ- 
ing three legislative correspondents (LCs) 
who read constituents’ letters. When a lot of 
them poured in on a certain subject, the LCs 
would simply collect them until there were 
35 or so. Then the LCs would come up with 
an initial tally of what people were saying 
and how many of them were on each side 
of the issue. 

Letters count, and they count a lot more 
than prefabricated postcards or obvious 
form letters—even those with individual- 
ized signatures. But every piece of mail rep- 
resents a voter who cared enough about an 
issue to get out of his or her chair and walk 
to the mailbox. 

The LC would go over the mail with me. 
Knowing the senator’s feelings on the sub- 
ject, we’d try to figure what position he 
ought to take on it. We would draft a letter 
and take it to the administrative assistant 
(AA), the head of the personal staff, who 
must be a kind of field general, strategy di- 
rector, and alter ego to a member of 
Congress. We might go through a couple of 
revisions and maybe a staff meeting before 
the letter reached Senator Bradley. When 
the senator was satisfied, the LC would 
crank up the word processor, turn on the 
auto-pen, and answer the mail. 

My own mail, usually from lobbyists, con- 
sisted of reports, position papers, and trade 
magazines. Most of it went straight into the 
waste basket because the hot information 
came by courier or from the Library of 
Congress and the Democratic Policy Com- 
mittee. Moreover, hot information gets cold 
with amazing speed on the Hill. 

Being a Hill staffer forces you to cope 
with almost schizophrenic extremes in 
your personal status. Outside the walls of 
Congress, I was somebody special. Once, I 
had to call a New Jersey company that had 
developed an improved coal gasification 
technique. I had been given the number of 
the company’s president, so I dialed it. His 
secretary came on the line. 

“May I please speak to Mr. So-and-So?” 

“He’s in a meeting right now. May I take 
a message?” 

“Sure. Could you please ask him to call 
George Swetnam, in Senator Bradley’s of- 
fice? My number is...” 

“Tl get him for you right away, sir.” 

Within the halls of Congress, though, my 
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status was somewhat less grand; in fact, I’d 
place it just above that of the crickets in 
the Capitol basement. I spent a lot of time 
sitting on the cold air register of the air- 
conditioning system in the Senate Finance 
Committee hearing room, waiting to call 
the senator if a particular piece of legisla- 
tion came up for a vote. 

Congress was reworking the tax laws 
that year, and though taxes weren’t my is- 
sue, transportation was, and there was a 
truck tax provision that meant a lot to my 
senator’s state. Everything hinged on the 
fact that in the 98th Congress, the 
Republicans controlled the Senate, while I 
worked for a Democratic senator. My mis- 
sion was to be ready to call him if the 
truck tax provision came up for a vote 
and to brief him as he came through 
the door about exactly what the vote 
was on, how various groups stood 
on it, and the procedural de- 
tails—to adopt, table, and the 
like. 

The committee had an enor- 
mous list of provisions to consid- 
er, and the majority (Republican) 
committee staff director held the 
agenda for the day. He gave a 
copy, first, to each senator pres- 
ent, second, to all the Republican 
staffers, and third, to the press 
corps. If any copies were left, I 
could have one. 

So long as the truck tax provi- 
sion wasn’t on the agenda, I could 
go back to the office and work. But 
if it was anywhere on the day’s list, 

I had to stay. Each day’s agenda 
had two or three times more 
items than the committee could 
dispose of, but the chairman could 
call them in any order he pleased. 

The committee room had a 
large, U-shaped conference table 
for the senators. My senator’s 
chair was empty, but lightning 
would have seared my flesh if I had 
sat in it. On the Republican side of the 
table, there were chairs for the staff mem- 
bers—one behind each senator’s chair. But 
there weren’t any chairs for Democratic 
staffers, because the TV cameras were 
placed behind the senators on the 
Democratic side. Located there, those 
cameras got nice, full-face views of the 
Republican senators when they made 
speeches or asked questions—and showed 
the hairline or perhaps one ear of the 
Democratic senators who participated in 
the action. This arrangement left the cold 
air register to me. As I recall, it had a waf- 
fle-grid top in half-inch squares. I still have 
traces of that pattern on a tender portion 
of my anatomy, but it was better than 
standing. 

LUNCHTIME SURPRISES. Every congressional 
office has an inconspicuous entrance, and it 
doesn’t take long for a new staff member 
to find out why. One day, I came back from 
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lunch to find the reception area and the 
hall outside packed with agitated con- 
stituents urging Senator Bradley to sup- 
port their right-to-life agenda. That was 
not my issue, so I gratefully breezed down 
the hall to the unmarked entrance. During 
the very next lunch period, the reception 
area and the hall were full of agitated con- 
stituents urging the senator to support 
their pro-choice agenda. 

One day, our receptionist looked up to 
see a shabby-looking man enter the office 
with a battered suitcase, which he set on 
the floor. “I represent the D.C. Homeless,” 
he told her. “I will be back in 45 minutes 








with 30 homeless people, and they are go- 
ing to sleep here in your office until there 
is action to create shelters here.” The re- 
ceptionist started to tell him that the sena- 
tor was already a co-sponsor of a bill to 
provide shelters, but the man turned on his 
heel and left. 

So she summoned the Capitol Police, 
who arrived in a few minutes and cleared 
the office while they checked the suitcase, 
which turned out to contain only clothing. 
They arrested the man when he return- 
ed—without any of the promised demon- 
strators—on outstanding warrants, telling 
us that he had spent time in several mental 
hospitals. 

Unmarked entrances, though, weren’t 
always magic. One day I returned from 
lunch and was immediately grabbed by a 
secretary. It seemed that 13 mayors of 











small towns in the same county had arrived 
unannounced and were sitting in the sena- 
tor’s office. He was out of town, and since I 
was the LA for environmental issues, it 
was up to me to talk to them. 

They had gotten wind of a plan to build a 
hazardous waste incinerator in their coun- 
ty and wanted the senator to do something 
to stop it. After you have worked on the 
Hill for a while, you learn that there is a 
standard procedure for this situation. Step 
No. 1 is to listen very carefully to your visi- 
tors’ point of view, noting down all of the 
arguments and making sure you get them 
right. Step No. 2 is to go through a list of 

all current proposals before Congress re- 

lating to their issue, talking about the 
prospects for each and its current 
status. If they have any comments, 
you note them down, again making 
sure that you get them right. This 
all takes a bit of time because there 
is a lot of boring detail involved; 
fortunately, you have the details at 
your fingertips, because that is 
your job. 

Step No. 3 is to assure the visi- 

tors that you will present their 
views to the senator each and 
every time any measure they are 
interested in comes up for action. 
This is an easy promise to make, 
because that, too, is a part of your 
job. The delegation then leaves. 
They are happy that they have 
been heard and that you haven’t 
fooled them, because they really 
have been heard, and you really will 
present their views when the next 
window of opportunity opens and 
the senator is ready to listen. 
BAD RAP. “Now and then,” said 
Mark Twain, ‘an innocent man is 
sent to the legislature.” That re- 
mark sums up the attitude a lot of 
Americans have about Congress. In 
Hill Rat, John Jackley, a former 
congressional press secretary, 
paints a picture of venality that would 
make anyone despair. Jackley, who 
claims that the situation is self-perpetuat- 
ing, certainly worked for a few self-seeking 
people, but I myself ran into members who 
were doing a conscientious, capable job. 
Congress has its bad reputation for four 
reasons. 

Congress (and government in general) 
gets the jobs that no one else wants. If there 
is a profit to be made in any activity, busi- 
ness will rush to fill the gap. But it is hard 
to make a profit supporting the jobless or 
fighting drug dealers. So Congress must 
struggle with such problems as the home- 
less, the aged, and drugs. 

Congress is the arena where power bat- 
tles are fought. Come to think of it, howev- 
er, we should probably all be thankful that 
our legislative affairs are disposed of by 
committee chairpersons rather than by 
Somali warlords or Venetian dukes. 


Peter Wallace 
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About a third of Congressional Science Fellows 
contract “Potomac Fever’ and never leave the 
Washington area. This ailment manifests itself as 
an intense absorption in the governmental 
process. Some continue to work for Congress; 
others move to policy-making organizations. 
Unlike these people, | returned to my job as a con- 
sulting engineer, but | have always felt that my Hill 
experience was extremely valuable. 

Mitre’s principal activity is technical support to 
state, Federal, and local government agencies, 
usually in the executive branch. It was helpful to 
me to have sat on the legislative side of the is- 
sues and to have become acquainted with the at- 
mosphere in which Congress makes its deci- 
sions. In addition, the assignment markedly 
raised my own visibility within the company. 
What | have found at least as valuable, though, 
are the skills | had to learn or sharpen. The five 
that stand out in my memory are juggling multi- 
ple tasks; writing; setting priorities; getting to see 
busy people; and seeing projects in context. 

| had been used to juggling two or three pro- 
jects at a time. In a Senate office, it was com- 
mon to deal with 15 or 20 tasks at once. | would 
call somebody about something, and he or she 
wouldn't return my call for two or three days. 
The words, “Hi, this is Ms. Freebish at 
Commerce. What did you want?” would have 
me frantically fumbling to place Ms. Freebish 
and recall which issue | had called about. 
Eventually | took to tacking up a file card for 


| People pay little or no attention to 

Congress except when it does something 
they don’t like. One reason incumbent con- 
gressmen enjoy such an advantage is that 
most of us don’t want to be bothered track- 
ing their performance on highway truck 
taxes, Federal water projects, and the like. 
Most of the constituent letters I read were 
filled with anger. “If you don’t vote for the 
Uniform Pass the Bacon Act, I'll vote 
against you,” they threaten. It is hard for 
members of Congress to attract voters by 
their overall performance, because so 
many people focus on one pet issue; in fact, 
it is hard to make everyone happy even on 
one side of one issue. 

A lunchtime friend of mine has a simple 
test for any national policy issue: does it 
help or hurt him personally? That is all. 
Members of Congress therefore keep tar- 
geted mailing lists and send environmental 
newsletters to those who write letters on 
the environment, health care newsletters 
to senior citizens, and “The Pork I Got for 
Our District” newsletters to just about 
everyone in it. 

It is tough to be courageous in the politi- 
cal arena. Pico Iyer, a South American 
writer, quoted a Paraguayan legislator to 
the effect that “A good politician makes 
lots of enemies. A bad politician is sur- 
| rounded by friends.” This is no less true in 
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every return call | expected, with the name, is- 
sue, and my question as a memory jogger. 

Staffers, including Congressional Fellows, do a 
lot of writing, including press releases, speeches, 
newsletters to constituents, and memoranda about 
specific bills. A memorandum to a member of 
Congress must cover many things. It must be 
clear and concise because the member doesn't 
have time to puzzle over an obscure text or to fol- 
low lengthy arguments. Most of the time you 
won't be on hand to add further information, be- 
cause your memo is likely to be read while the 
member is on a plane or in a car. | got a lot of 
practice boiling things down and striving for an 
efficient presentation. 

You also learn to write quickly. Your member may 
decide to co-sponsor a bill and make a short speech 
on the floor of the Senate or House to explain his or 
her position. A floor statement could be needed in 15 
minutes, and it must fit your boss's speaking style. 
Skip Stiles, who worked for Representative George 
Brown (D-Calif.), told me that he had learned to leave 
places in his text for Brown to pause, make an appro- 
priate gesture, and go on. 

As for setting priorities, everyone on the Hill 
has a work list twice as long as any human could 
manage. Working long hours doesn’t seem to 
shorten the list. “As long as you're in by 9 in the 
morning, you can stay as late as you want’—that 
is how Hill staffers describe their workday. Bill 
Taylor, one of Senator Bill Bradley's full-time LAs, 
told me, “A member of Congress perceives time 


Washington. In the end, that great truth 
explains why Congress is the way it is. If 
enough citizens tracked their representa- 
tives on their whole records—or if people 
were willing to face up to the realities of 
deregulation, the job impact of the En- 
dangered Species Act, the consequences of 
saving the savings-and-loan associations, and 
the cost/resources tradeoff in national health 
care—then letters to members of Congress 
would be more thoughtful and less prone to 
demand quick fixes. Were this to happen, 
our senators and representatives would be 
a lot more willing to make hard decisions. 

Now where is that report on how to 

change human nature? 
TO PROBE FURTHER. Although there are at 
least two good books about the job of a Hill 
staff member, they paint strikingly differ- 
ent pictures of the process. What you see 
on Capitol Hill depends a lot on who you 
are and what you expect to see. If you are 
interested in applying for a Congressional 
Fellowship, you could do a lot worse than 
read both books. 

Eric Redman’s The Dance of Legislation 
(Simon & Schuster, New York, 1973) focus- 
es on a specific bill, following the rise and 
fall of its fortunes as it struggled to become 
law. Hill Rat: Blowing the Lid Off 
Congress (Regnery Gateway, Lanham, Md., 
1992) is by John L. Jackley, who was a press 





as a thing that has only two values: Now and Not 
Yet.” Eventually, you learn to set priorities by that 
standard. “Now” is for the fire that threatens to in- 
cinerate you in 15 minutes, or perhaps tomorrow. 
When you get that one settled, you look at the next 
disaster in the making. 

Busy people are not arrogant—well, not all of 
them; they just have mailboxes no less deep than 
yours, as well as a stack of telephone message 
slips 5 cm thick, just like yours. As a result, you 
may never graduate from “Not Yet’ to “Now” in 
their estimation, even though you are dealing with 
an emergency in yours. 

One last-ditch technique for getting to see busy 
people is to walk through their office doors. If they 
arent there, you sit or stand outside and wait. When 
they walk in, they will deal with you just to get you 
out. Of course, this technique cuts you off from your 
desk and telephone, so it is reserved for hard cases. 

Finally, it proved important to see projects in 
context. The news media tend to focus on things 
that are new or make good video footage or good 
sound bites. If a schedule failure affects a govern- 
ment program, or there is an accident that the pro- 
gram might have averted, it can look as though its 
fortunes will be very dim or very bright. But the 
programs that endure are those that affect a lot of 
people, in a lot of different parts of the country, a 
lot of the time. It is essential to show benefits as 
clearly and in as much detail as you can. The 
same is true when private organizations lobby 
Congress: the idea you are promoting had better 
be tied to a clear and demonstrable public benefit. 
Altruism is nice, but it doesn’t get many votes. 

roGES: Je 


secretary rather than a legislative assis- 


tant. In the House of Representatives, how- | 


ever, staffs are small, and Jackley was 
deeply involved in the business of the 
member’s office. 

Former Congressional Fellows are an- 


other good source of information. Tom | 


Suttle of the IEEE’s U.S. Activities Board 
has a selection of final reports from them, 
and he will supply this material to IEEE 
members who are seriously interested in a 
Fellowship. 

Again, it is wise to read more than one 
report because the experience and specific 
duties of Fellows vary a great deal. A lot 
depends on whom you work for and the 
terms of your assignment. Sd 
ABOUT THE AUTHOR. George Swetnam (SM) 
has been on the staff at The Mitre Corp., McLean, 
Va., since 1969. During his years there, he has 
worked—in both the United States and the 
Federal Republic of Germany—on urban mass 
transportation, geothermal energy systems, 
weather forecasting, and air traffic control. He is 
currently assisting in developing a computer sys- 
tem for managing air traffic at busy airports. 
Before joining Mitre, Swetnam spent nine years 
at Bell Telephone Laboratories, where he worked 
on the development of the No. 1 and No. 2 
Electronic Switching Systems, a field in which he 
holds two patents. 
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ADVANCED TECHNOLOGY/SYSTEMS 


Multimedia’s push into power 


Integrated with both 
visualization and advanced 
document retrieval, this 
novel approach is being 
demonstrated in Germany 


he supervision of highly 
automated industrial plants, 
of the kind to be found in 
manufacturing, chemical 
processing, and power gen- 
eration, is already highly 
centralized. But pressures 
both economic and ecologi- 
cal are building for improved, more powerful 
supervisory and control systems. The task is 
daunting, but can be accomplished by a sys- 
tem that integrates two new technologies— 
visualization and multimedia—and encour- 
ages collaboration among operators with dif- 
ferent specialties. 

At present, there is a growing gap be- 
tween those overseeing automated process- 
es and the processes themselves, a growing 
inflow of data, and a growing specialization 
of activity that precludes a grip on the big 
picture. The level of production and product 
quality are increasingly becoming the opera- 
tors’ responsibility—they establish setpoints 
in line with production goals and then moni- 
tor and, in case of deviations, troubleshoot, 
but seldom is there an opportunity to inter- 
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vene manually in the plant’s operation. The 
information they need for decision-making 
is gathered from a multitude of sources by 
the central control room, from which thou- 
sands of measurements and, in turn, hun- 
dreds of actuators in the plant can often be 
manipulated. Yet the control room is fre- 
quently a clean, air-conditioned place sealed 
off from the sights, sounds, smells, and other 
sensations produced by the plant or by the 
process. 

Moreover, all these plants require a cer- 
tain level of specialization—in process 
control, in maintenance, and in production 
planning—and the specialties are often 
divided among operator staff handling dif- 
ferent parts of the process in different 
places. The “runners” may be in the plant, 
operators in the control room, and other 
staff members in offices. 

The power plant is the specific focus of a 
prototype supervisory control and data 
acquisition (Scada) system that integrates 
multimedia and visualization. Intended for a 
coal-fired power plant, the prototype was 
developed in 1992 by researchers at ABB 
Corporate Research in Heidelberg, togeth- 
er with practitioners at ABB Power Plant 
Control in Mannheim, Germany. The proto- 
type equips a control room with wall-sized 
screens and the operators with a mouse for 
use on a window-based interface. Other fea- 
tures are new forms of visualization of 
process information, access to hypermedia 
documentation, interactive video facilities, 
and videoconferencing [Fig. 1]. Special 
attention has been paid to the seamless 
integration of functions and to ease of navi- 
gating among the varied forms of informa- 
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tion and varied media that are used. 

The goal of ABB’s work in this area is to 
lighten the operators’ workload and simplify 
the cognitive demands made on them, and 
hence increase the availability, economy, 
and safety (ecological and otherwise) of 
plants and production processes. Today, 
operators are really the ones who “inte- 
grate” and work with the information from 
the process control system, the documenta- | 
tion, and many other sources. 

The standard situation in process super- 
vision and control is quite a contrast. For 
example, a message from a malfunctioning 
component may pop up on the operator’s 
console, usually in a longish alarm list. The | 
operator calls up a corresponding process | 
and instrumentation diagram, generally by 
entering a code on a function keyboard, and 
tries to analyze the situation. He or she may 
have to grab the folder in which the opera- 
tion manual is kept so as to look up a main- 
tenance procedure or maybe grab another 
folder containing a logic diagram so as to 
map this information against the actual sig- | 
nal values shown on another computer dis- 
play. A runner in the plant calls the control | 
room on his radio about, say, the consisten- | 
cy of some material. The operator now | 
mentally relates this verbal input to infor- | 
mation on temperature, pressure, and other 
factors from the process control system 

Evidently, much of the information from 
the process and the process control system | 
is carried by different media. Cathode-ray | 
tube (CRT) screens display textual and 
graphical data, including status messages, 
alarm lists, process and instrumentation dia- | 
grams, and several types of line charts. Radio | 
and telephone communication occurs within 
the plant and to the outside over equipment 
independent of the process control system. _| 

Video monitors show pictures from cam- | 
eras positioned inside the plant for security 
as well as process-monitoring purposes | 
[Fig. 2]. The cameras’ viewing angle or | 
zoom can sometimes be remotely con- 
trolled, and the units may be hooked up to 
a TV monitor directly or be switchable 
remotely to share a dedicated monitor. 
Folders hold technical documentation and 
manuals containing operation and mainte- 
nance information for the plant and the 
process, and are sometimes kept outside 
the central control room. Typically the 
operator uses an assortment of devices for 
direct interaction, such as keyboard, 
mouse, and telephone. 

The task of watching and reacting to all 
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13] Mass data displays attach graphical elements, such as circles to incoming plant data 


and use the elements to portray ongoing process activity, albeit schematically. Here, a 
steam-water cycle topology is tracked by circles [top], while lines tabulate energy transfor- 
mation [bottom] from coal to heat to electric power [horizontal axis] against flow, tempera- 
ture, or other types of measurement [vertical axis]. 


the data spun off by a large dynamic process 
can be eased, however, if the technologies of 
visualization and multimedia are integrated 
in a way that allows operators to run the 
process control system interactively. 

The prototype at ABB is based on work- 
stations running the Unix operating system 
and the X11/Motif window and graphics sys- 


| tem. The multimedia hardware consists of | 
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extensions that are widely available on many 
platforms—digital audio, digital video from 
several compression schemes—and the 
possibility of displaying analog video as high- 
quality, 24-bit images at television frame 
rates. Such graphical hardware also features 
“overlay” planes in that it can draw graphics 
over the live video picture—a capability use- 
ful for the multimedia functions discussed 


Research (photos) 





[1] A modern control room with large screens 
glows with new forms of visualization, inte- 
grated multimedia, electronic documentation, 
and telecommunication facilities. This system 
lessens the demands on operators who have to 
assimilate and act on incoming information. 
Suppose an alarm message comes up: the op- 
erator can call any process or instrumenta- 
tion logic diagram suggested and is at once 
given a maintenance procedure from the inte- 
grated operation manual or from a live video 
camera in the plant. If more help is needed, a 
videoconference with outside experts is at the 
tip of the finger, more evidence of the informa- 
tion sharing encouraged by the system. 


[2] This control room’s information media 
have not been integrated. Textual and 
graphical data appear on cathode-ray tube 
screens; radio and phone messages link per- 
sons in the plant to each other and to the 
outside; TV monitors show pictures from 
cameras inside the plant; and good old pa- 
per stores technical documentation and op- 
erating manuals in a multitude of folders. 


later. The reason for choosing workstations 
over PCs lies in the more powerful proces- 
sors (reduced-instruction-set central pro- 
cessing units) as well as the more powerful 
graphics and networking capabilities— 
including the Unix operating system and the 
X11 window system. 

NOVEL VISUALS. One of the chief tasks of 
someone engaged in supervising industrial 
processes is ensuring their safe and eco- 
nomic operation. Especially with a thermo- 
dynamic process like power generation, 
continuous assessment of the state of the 
process and early detection of impending 
failure, rather than just reaction to distur- 


bances, are of supreme importance. The | 
usual power plant has more than 10 000 bi- | 


nary and a couple of thousand analog mea- 
surements that must be observed and un- 
derstood if the right decisions are to be 
made. Of course, the hierarchical aggrega- 
tion of alarms and emergency shutdown, 
while mandatory, are seldom the best way 


to meet the aforementioned requirements. | 


The deluge of dynamic data produced in 
the plant is too much for the human opera- 
tor to monitor, let alone process. Before the 
cathode-ray tube became the basis for 
process supervision and control, control 
rooms were equipped with large control 
boards showing the process and measure- 
ments, and human operators assessed the 
state of affairs in the plant by scanning the 
dials, meters, and patterns of indicator lights. 
Upon spotting an unfamiliar pattern, an 
operator would step closer and read the spe- 
cific values from the process and instrumen- 
tation diagram on the control board. 

Figure 3 shows how this concept is 
applied to CRT-based operator stations to 
achieve a new type of process overview 
display. Each graphical element of the dis- 
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[4] With integrated and interactive video, the operator not only “sees” the process directly, as 


with this defective feedwater pump, but can react by applying image processing and/or by con- 
trolling components of the process by touching “buttons” superimposed on the video image. 


Licensing and safety requirements preclude radi- 
cal change in the design and operation of nuclear 
power plants. Consequently, their control rooms 
are still based on 20- and 30-year-old technology, 
while other industries have progressed to full dig- 
ital instrumentation and control. 

Favoring an evolutionary approach, ABB Com- 
bustion Engineering Nuclear Systems has devel- 
oped a digital control complex using only proven 
commercial hardware. The design retains the cur- 
rent role for the operator, emphasizes lessons 
learned from utility operating experience, 
and builds on proven aspects of conven- 
tional control room design. The ABB con- 
trol complex has as a result succeeded in 
providing a licenseable transition to the 
computer-based control room. 

The architecture emphasizes safety and 
reliability. Redundant, independent, and di- 
verse instrumentation and control systems 
are used. Plant monitoring, for example, 
employs two independent but parallel infor- 
mation display systems driven by the same 
plant sensors. One provides a plantwide hi- 
erarchy of color graphic screens (cathode- 
ray tubes) and extensive data-processing 
features at each control panel. The other is a 
simpler but more stringently qualified 
system, one in which electroluminescent 
flat panels present key process values at 
fixed locations on control panels. 


vent the loss of information due to single failures, 
they eliminate the need for “backup” displays, and 
they minimize the risk of common-mode failures. 
Equivalent techniques have also been applied to 
the component contro! and the plant protection 
systems. 

In keeping with an evolutionary approach, the 
use of automation in the contro! complex is limit- 
ed to established plant control and safety applica- 
tions, leaving the operators actively in control. 
Digital technology is applied to enhance the relia- 








The two systems employ redundant 
computers, segmentation, optical-fiber 
communications, and touch-screen dis- 
plays. However, they use different hard- 
ware and software, and are configured by 
separate design teams. Together, they pre- 
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In the Nuplex 803 Advanced Control Complex, an integrated 
overview of process status is visible from anywhere in the con- 
trol room, presenting continuous safety and plant status infor- 
mation to the operator. Also shown in the photo is the master 
control complex. 





play—a line, circle, or square, say—repre- 
sents a value from the process. Each ele- 
ment is constant in shape but dynamic in 
behavior: lines may rotate or change thick- 
ness according to a deviation from a refer- 
ence value or a rate of change (process 
transient), while circles may change in size 
or gray scale or position, or any combina- 
tion of such variables. The arrangements 
of the graphical elements can match the 
topology of the process or be tabular. They 
may reflect the steam-water cycle of the 
power plant, in the first case, or be grouped 
as tables of process measurements of par- 
ticular types, such as temperature, pres- 
sure, control, and set points. 

The name given to this type of display is a 
mass data display. Its design draws on the 
fact that the human eye and brain can 
process hundreds of graphical elements in 
parallel yet easily pick out any that are 
abnormal. In a steady state the mass data 
display should have a visually harmonious 
appearance: the graphical elements should 
be in step, with the lines, say, all oriented 
horizontally. Deviations in any given pattern 
indicate disturbances. This approach is based 


bility and usability of indicating and control func- 
tions. Computers, for example, take a lot of the 
toil out of establishing a parameter value; they 
verify and validate low-level data from multiple 
sensors and finally aggregate them to produce a 
single representative number. Presented with pre- 
processed information rather than raw data, oper- 
ators do less work to obtain trustworthy informa- 
tion. Similar processing of alarm inputs not only 
eliminates false alarms but also reduces the num- 
ber of alarm tile locations on the control panels by 
60 percent [see photo]. 

Costs of construction, operation, maintenance, 
and modification are reduced. Compared with con- 
ventional designs, 70 percent less copper 
cabling is required, and there are 70 per- 
cent fewer indicating devices on the control 
panels. Because of the inherently higher re- 
liability of digital components and the use 
of self-testing features, operators and tech- 
nicians need to perform surveillance less 
often. Because components are standard- 
ized and equipment is modularized, parts 
inventories, training requirements, and re- 
pair times are reduced. Changes and up- 
grades are readily accommodated by soft- 
ware-based displays and an open system 
architecture, 

The system is the first integrated con- 
trol complex based on digital protection, 
control, and monitoring systems for pres- 
surized-water reactors to be approved by 
the U.S. Nuclear Regulatory Commission. 

—Robert Fuld 


ABB Combustion Engineering Nuclear Systems 


The author is a human factors specialist 
and consulting engineer at ABB 
Combustion Engineering Nuclear 
Systems in Windsor, Conn. He is also a 
former nuclear power plant operator. 
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on research at ABB and at the technical uni- 
versity at Clausthal, Germany, which com- 
pared the reaction times and behavior of 
operators detecting faults in the process 
control system by means of, on the one hand, 
the mass data display and, on the other, tra- 
ditional process and instrumentation dia- 
grams. The reaction time to the mass data 
display was significantly faster than that 
associated with the traditional display. 

A key requirement is the ability to gain 

access through the mass data display to 
related, more detailed information for closer 
inspection—in short, the ability to navigate 
between different representations of the 
same information. In the mass data display, 
selecting any graphical element or area can 
be made to yield the following information: 
¢ The name(s) and the value(s) of the 
process measurement(s). 
¢ A time line of each process value, possi- 
bly in line graph form. 
¢ A process and instrumentation diagram 
placing a measurement in its process con- 
text (the analogy is with the operator step- 
ping nearer a conventional control board 
and taking a closer look). 
¢ Other information on this measurement 
from the documentation, including supplier 
data, sensor type, mean time between fail- 
ures, or commissioning data. 
INTEGRATION OF MULTIMEDIA. A central con- 
trol room is generally proofed against the 
heat, noise, or other pollution from the 
plant and the process. Only experienced 
operators can recall such details as the size 
of pipes in the plant, and relate this to a 
“feel” for the flow rate or pressure a cer- 
tain pipe might withstand. 

All the same, examples abound of the 
advantages an eye or ear for an industrial 
process can bring to its control. Seeing a 
part of the process or hearing the noises it 
makes can convey more information to some 
operators than sensor data shown on the 
control system console. Of course, the oppo- 
site can be true in other situations. Care 
therefore must be taken in selecting when 
and how to apply live video, to name one 
form of input. 

The ABB prototype system boasts several 
of the features of an integrated and interac- 
tive video system. For one, it can select video 
sources from other process displays. For 
instance, camera icons in the process and 
instrumentation diagrams give direct access 
to the corresponding camera in the plant, 
whether it is a typical TV camera or one 
sensing in the infrared or X-ray spectrum. 

The system can also analyze video data 
by means of image processing and recog- 
nition. The video picture or parts thereof 
thus become sensor data, on the basis of 
which further actions can be started. For 
instance, in the simplest case, alarm mes- 
sages may be generated. Of course, the 
video could also be monitored in the back- 
ground and the operator notified if a spe- 
cific change, like an undue evaporation of 
steam, occurs. 
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The system also provides operation but- 
tons overlaid on the video picture to assist 
the operators in direct switching of a failing 
component [Fig. 4]. As in hands-on control, 
this action can be carried out without calling 
other process displays. In case such a com- 
ponent is part of a more complex control cir- 
cuit, the appropriate control display can be 
called up directly, so that the operator can 
assess the context or the impact of the con- 
trol action. 

Furthermore, the system enhances the 
video with information from the process 
control system. For example, an infrared 
video picture of a pump showing the exact 
distribution of oil temperatures around the 
shaft could be enhanced by superimposing 
the values of flow and pressure measure- 
ments, or by overlaying the schematic dia- 
gram of the switching logic. These compar- 
isons would help with control-related deci- 
sions, like how to start this pump from a hot 
standby when the oil temperature in the 
pump’s gear box is within a given range. 
ELECTRONIC DOCUMENTATION. Another exam- 
ple of the helpfulness of pooling background 
with actual process data arises in the do- 
main of on-line electronic documentation. 
Electronic documentation systems enable 
operators to search and retrieve informa- 
tion easily and efficiently in case of failing 
components. Figure 5 illustrates how the in- 
tegration of electronic documentation with 
the process control system makes it much 
easier for the operator to spot a failure ear- 
ly on. In the case of a process disturbance, 
the operator may need to analyze a signal 
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flow in a logic diagram. The appropriate dia- 
gram is called up and the states of the sig- 
nals are displayed as color codes. Far less 
time is needed to look up either the diagram 
or the actual signal states. 

Documentation for a complex plant 
today may be produced directly from the 
logic diagrams, mechanical design draw- 
ings, or whatever of the engineering 
process, or it may be derived from the 
process of designing a plant, namely, from 
sources like operator manuals and mainte- 
nance guidelines. However, in most cases 
even this kind of information from com- 
puter-aided design, engineering, or manu- 
facturing systems is usually printed, and is 
later used as paper-based documents. 

Hypermedia documentation systems— 
text, drawings, plus audio and video and 
combinations thereof—in addition to the 
above features allow the user to navigate 
easily within the electronic documentation. 
They provide optimal support for many life- 
cycle phases of a plant—commissioning, 
operator training, operation, and mainte- 
nance, to list a few. 

Many applications are possible. An ani- 
mation with an explanatory audio track 
might illustrate startup procedures one 
step at a time. A chart showing the opti- 
mized design of the burning chamber of a 
gas turbine might be accompanied by a 
video that shows how the fuel nozzle is 
repaired. These scenarios need not be limit- 
ed to the control room operators’ stations 
only—text, graphics, audio, and video can 
also be transmitted back and forth between 
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[5] For the operator, integrated electronic documentation makes short work of looking up 
not only process and plant schematics, but also the state information on signals and compo- 
nents that appears as overlays in these schematics. The documentation shown here indicates 
that the temperature of the bearing in the defective turbine-driven feedwater pump shown in 
live video in Fig. 4 is excessive [the line T LAGER TSSW-PP >MAX] and is coded yellow. 
Logically combined with other signals in comparators, this signal would then lead to an 


emergency shutdown [SA, bottom right]. 
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The introduction of digital control systems into elec- 
tric utility power plants raises new and complex is- 
sues in relation to human factors. Challenges in- 
clude arranging this equipment effectively for control 
room operators and how best to exploit advanced 
cathode-ray tube (CRT) graphics capabilities. 

Experience at electric utilities has shown that 
engineering with human factors in mind generally 
makes plants safer, improves availability, and ex- 
tends equipment life. As a long-time sponsor of 
human factors research, the Electric Power 
Research Institute (EPRI) in California has recently 
issued guidelines to help utilities incorporate hu- 
man factors into the design of control rooms for 
fossil-fueled power plants. 

The guidelines help utilities do the following: 
e Design facilities so that the environment sup- 
ports system operation. 
¢ Place components so that operators can perform 
their jobs more efficiently and with less opportuni- 
ty for error. 
¢ Make control functions natural and easy to un- 
derstand. 
e Position control devices to simplify operations. 





the control room and a portable station at a 
field engineer’s site. 

In many of its aspects, process supervi- 
sion and control is a matter of team work, 
even though the trend in many plants is to a 
| smaller staff of more highly qualified individ- 
uals having heavier responsibilities. A grow- 
ing charge on a modern supervisory control 
system is the support of communication be- 
| tween these experts. Domains of expertise 
range from control theory to knowledge of 
the process and the equipment, from logis- 
tics to maintenance to product marketing, 
and possibly much more. 

For an expert team, large screens can 
become a common information exchange 
and working area. The assumption is that 
all members of the team can view and inter- 
act with this shared space on equal terms 
or by set rules. For example, one operator 
may take an item from his own screen and 
display it on the large screen for general 
discussion. Or several persons may “point” 
to pieces of information on the large screen 
and highlight or initiate changes there. 
Pointing devices and technologies that iden- 
tify and “read” an individual operator are 
crucial but need work. More development 
in areas like portable mice, speech input, 
and eye and gesture tracking is still neces- 
sary for satisfactory applications in process 
supervisory and control environments. 

Given the globalization of production 
processes, the ability to collaborate over a 
| wide area cannot but gain in importance. 
Not only may the design and engineering 
for a given plant arrive from a different 
| part of the world, but plants for the same 
product may also be spread all over the 
world. Telecommunication facilities are 
growing rapidly and can quickly be linked 
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Human factors guidelines for electric utilities 


e Use control devices that will withstand the rigors 
of operation. 

The institute's guidelines apply to both work- 
space and equipment layout. The advice on work- 
space covers climate, noise, lighting, and visibili- 
ty; physical access and traffic; workstation and 
console design; seating and desks; and support fa- 
cilities and safety equipment. The advice on equip- 
ment layout covers push buttons, switches, rotary 
controls, multicontrol modules, and control cod- 
ing; visual displays, legend indicators, and annun- 
ciator tiles; counters, recorders, and analog me- 
ters; digital displays, auditory signals, alarms, and 
labeling. 

Good displays inform the operator clearly of what 
he or she needs to know. In fact, the proper use of 
color, display organization, and menu design, as 
well as the choice of the strategy for grouping the 
controls, can enhance the operator's performance on 
the job. For instance, after upgrading several control 
rooms without taking human factors assistance into 
consideration, one utility ran into a whole range of 
display-related problems. 

At the system level, there were no displays for 


up to process supervision and control. In- 
tegrated videoconferencing implies more 
than the interchangeability of camera pic- 
tures; it also means the opportunity to build 
a shared space, in which more places than 
just the control room have access to pro- 
cess data plus all the necessary background 
information from the documentation and 
other support systems. 

Consequently, the large screens in the 
control room may become shared virtual 
whiteboards for the operators there, while 
field personnel outside gain interactive 
access to much the same information 
through portable equipment like the cam- 
eras that a maintenance engineer wears 
with his safety hat. 

Since 1992, the ABB Power Plant Con- 
trol Demonstration Center in Mannheim has 
given hundreds of demonstrations to visitors, 
and has also been used for detailed investi- 
gations. As far as costs are concerned, the 
enhancement of a state-of-the-art supervi- 
sory control and data acquisition system 
with integrated multimedia and visualiza- 
tion capabilities discussed here is expected to 
be within reach of most companies. 

BEST HUMAN FIT. As for the future, given the 
rate of development in the enabling tech- 
nologies—the processing speed of comput- 
er hardware, software complexity, produc- 
tivity and quality, telecommunications, and 
digital audio and video—the goal must be 
the fullest possible exploitation of human 
faculties for processing information. Here 
priority should be given to a natural style of 
interaction with the supervisory and control 
system. Probably the most important areas 
to explore are speech generation and recog- 
nition, handwriting, and gesture recognition 
for data and command input. Furthermore, 








certain modes (such as startup), updates occurred 
too infrequently to show trends, and operators 
lacked confidence in the information displayed. 
Screen hardware could only show text, not graph- 
ics. Screen layouts were sometimes too dense, and 
certain colors on some systems could not be told 
apart. Menus were unnecessarily long and without 
groupings in too many cases. Some paging and 
scrolling procedures were difficult to learn. 
Nuisance alarms and lack of an explanation for 
alarm sequence data were typical problems. 

The institute's guidelines can now enable utili- 
ties to avoid or at any rate to remedy these prob- 


lems. Entitled “Human factors guidelines for fossil | 


power plant control rooms and remote control sta- 
tions” (EPRI document No. EPRI TR-101814), the 
guidelines also include practical advice on win- 
ning acceptance of new equipment and improving 
performance. —Roy R. Fray 


The author is manager of simulators and training 
at the Electric Power Research Institute (EPRI), a 
research consortium for the U.S. electric utility in- 
dustry, located in Palo Alto, Calif. Requests for the 
guidelines should be directed to the EPRI distribu- 
tion center, 510-934-4212. 


virtual reality, which is just beginning to 
emerge, has its own potential applications in 
process supervision and control systems. 

TO PROBE FURTHER. Articles on advanced su- 
pervisory and control applications appear in 
the proceedings of the 1993 IEEE Confer- 
ence on Systems, Man and Cybernetics, held 
in Le Tourquet, France, in October 1993. 


The proceedings of Association of Com- 


puting Machinery (ACM) conferences in the 
last few years also are an excellent starting 
point for the issues of this article: visualiza- 


tion, multimedia, and collaborative systems. | 
The Communications of the ACM had a | 


digital multimedia systems issue in 1991 
An excellent introduction to the topic of 


information displays and visualization can be | 


found in Semiology of Graphics by Jacques 
Bertin, University of Wisconsin Press, 1983. 
On the various topics covered in this arti- 


cle there have been many related contribu- | 


tions in JEEE Spectrum, including 
“Interactive multimedia,” March 1993, pp. 
22-39; “Virtual reality is for real,” October 
1993, pp. 22-39; and “Control room design: 
lessons from TMI (Three-Mile Island),” by 


Lewis F. Hanes, John F. O’Brien, and | 


Raymond DiSalvo, June 1982, pp. 46-52. 








in the Automation and Man-Machine Systems area | 


at ABB Corporate Research Center in Heidelberg, 
Germany. He has been involved for several years in 
the development of intelligent systems for operator 
support in complex dynamic processes. 

Florian Frischenschlager is a senior engineer with 
ABB's power plant control division in Mannheim, 


Germany. He has nearly 20 years’ experience in | 


the development of computer-aided process su- 
pervisory and control systems based on visual 
display units and ergonomic design. 
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Aslow start for emissions tradin 


Utilities and regulators are 

_ blaming each other because 
| less trading in pollutant 
emission allowances has 


“occu rred than was expected 


ver two years after the 
start of emission allowance 
trading, the jury is still out 
on the bold and provoca- 
tive U.S. experiment. 

Amid publicity not often 
seen in the staid electric 
utility industry, the plan was 
| incorporated into the Clean Air Act amend- 
| ments of 1990. The underlying idea is simple 
| but innovative: rather than being forced to 
| reduce generating plant emissions to some 
level decreed by the Government, utilities 
have been allotted a certain number of cred- 
its, or allowances, each entitling its bearer to 
emit a ton of sulfur dioxide. From next year 
| on, the United States’ 110 “dirtiest” generat- 
ing plants will be permitted to emit only as 
| much sulfur dioxide as their utility operators 
have allowances (emitting more could incur 
fines of $2000 for each illicit ton). Most im- 
portantly, the credits can be traded among 
| utilities or bought at public auction, giving 
| them more flexibility and autonomy in how 
| they comply with emission limits that will be- 
come increasingly stringent. 

The benefits of such a system are many, 
and not all are immediately obvious. Be- 
cause of differences in state regulations, 
| plant efficiencies, electrical demand, and 
| the costs of labor, equipment, and fuels, the 
| annual cost of ‘cleaning up” emissions from 
power plants varies significantly from utili- 
ty to utility in the United States. In a system 
in which allowances can be traded, utilities 
that can significantly clean up their plants’ 
emissions at relatively low cost can do so, 
retaining allowances they may then sell to 
utilities whose clean-up costs are much 
higher. Both groups thereby reduce the 
cost of complying with sulfur dioxide re- 
strictions. Cleaning up can be accomplished 
| by any of several means, including switch- 
| ing to fuels with less sulfur or installing 
| “scrubbers,” equipment that removes pollu- 
tants from the smokestack flue gases. 

In 1989, under contract to the U.S. Envi- 
ronmental Protection Agency, ICF Resour- 
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The only evidence that combustors may not be 
exceeding the emissions limits imposed by the 
Clean Air Act amendments of 1990 is com- 
piled by so-called continuous emissions-moni- 
toring systems (CEMS). Installed in smoke- 
stacks, they analyze the flue gas, keeping a 
running tally of emitted particulates and pol- 
lutants. For utilities, the principal monitored 
pollutant is sulfur dioxide. However, other or- 
ganizations also must use CEMS. In the up- 





ces Inc., a Fairfax, Va., consulting firm, esti- 
mated that allowance-related cost savings 
could be as high as $2 billion a year. Such fi- 
nancial incentives, many analysts believe, will 
hasten development of advanced pollution- 
control technologies. Although allowance 
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per left-hand photo, technicians record read- 
ings from monitoring equipment located at 
a municipal waste combustor in New York 
City. The system monitors escaping visible 
emissions—smoke and particulates, main- 
ly—by recording their attenuation of a beam 
of light passing across the inside of the 
chimney. The other two photos show the 
monitoring system at the time it was being 
installed. 


trading is now being applied mainly to the 
control of sulfur dioxide emitted by U.S. 
power plants, many experts have high hopes 
that the program will be a template for the 
development of similar ones to reduce the 
cost of controlling nitrogen oxides, industrial 
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solvents, and, perhaps someday, worldwide 
emissions of greenhouse gases like carbon 
dioxide. To Carlton W. Bartels, director of 
Cantor Fitzgerald Environmental Brokerage 
Services in New York City, allowance trading 
is “probably the best innovation in environ- 
mental regulation in decades,” and he’s far 
from alone in the conviction. 

“The fact is, we do have a scarce resource: 
the ecological ability to absorb pollution,” said 
Bartels. “We can have the Government mete 
it out, which is economically inefficient and 
has led to a terrible allocation of our money 
spent on environmental cleanup. Or we can 
place the decision-making on the people who 
know the options—rather than someone in 
Washington trying to figure out the options.” 

Nonetheless, almost all involved agree 
that the rate of trading among utilities is 
not as high as had been expected when the 
concept was being discussed during the for- 
mulation of the 1990 Clean Air Act amend- 
ments. “It’s like a party that no one’s com- 
ing to,” said Douglas R. Bohi, an analyst and 
director of the Energy and Natural Re- 
sources Division at Resources for the 
Future, a Washington, D.C., think tank. 

Trading formally began in 1992. But as of 
the end of last April, according to the 








Environmental Protection Agency (EPA), 
there had been only about two dozen trades 
of 10 000 or more allowances apiece. This is 
not nearly enough to realize the kind of fi- 
nancial savings originally envisioned. The 
anticipated brisk, routine buying and selling 
of allowances at the Chicago Board of 
Trade and on the New York Mercantile 
Exchange has not transpired. What’s more, 
only one utility has opted to rely on al- 
lowance purchases as the heart of its strat- 
egy for complying with the initial phase of 
Federal clean-air regulations. 

Some observers believe this inertia signi- 
fies deep-rooted problems. “Regulators are 
not providing active encouragement to utili- 
ties to engage in trading, and utilities are 
behaving as if trading were restricted to in- 
trastate transactions,” Bohi wrote in a re- 
cent edition of The Electricity Journal, an 
influential industry publication. “If this pat- 
tern of behavior continues, the emission al- 
lowance trading program will prove to be 
considerably less successful than expected 
when it was formulated,” he concluded. 

Allowance brokers and utility officials in- 
cline to a different view. “You have to ask 
yourself, what was the purpose of the trading 
system,” said John Palmisano, president of 
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Aer*x Inc., a Washington, D.C., emissions al- 
lowance brokerage and consulting firm 
owned by the gas marketing company Enron. 
“Was the purpose of the system to create lots 
of trades? Or was the purpose of the system 
to create a cost-effective complement to the 
regulatory system, and lower compliance 
costs with the same, or better, outcome?” 
HALF THE $0,. Sometimes lost amid the dis- 
cussions of market behavior and economics, 
cost projections, and regulatory impacts is 
the program’s fundamental objective: re- 
ducing the amount of sulfur dioxide emitted 
into the air by investor-owned U.S. power 
plants, which account for nearly 70 percent 
of the country’s airborne SO,. 

As was enacted in the Clean Air amend- 
ments, the emissions-reduction program 
has two phases. The first, which lasts five 
years from next Jan. 1, affects only 261 boil- 
ers at the 110 power plants identified by the 
EPA as having the highest emissions. The 
goal of the first phase is to get the annual 
SO, emissions from this group of “dirtiest” 
plants down to about 5.7 million tons. 

The second phase, which begins on Jan. 1, 
2000, will expand the program to essential- 
ly all fossil-fuel boilers with generating ca- 
pacity of 25 MW or more, of which there 
are some 2200. The goal of this phase is to 
lower the total SO, emissions from the U.S. 
plants involved to about 9 million tons a 
year, about half what they were in 1980. 
Once reduced to this level, electricity gen- 
erators will be required to maintain it indef- 
initely, regardless of capacity additions. 

Each affected boiler at every utility has a 
30-year allotment of allowances, to cover the 
first phase and the first 25 years of the sec- 
ond. Another year’s worth is added as one is 
completed, so there is always a 30-year sup- 
ply. Allowances are issued by the EPA in vin- 
tages, which can be used any time during or 
after a specified year. This arrangement not 
only allows a utility to “bank” any unused al- 
lowances for future use, it has also stirred 
expectations of a futures market in al- 
lowances, which has, however, been slow in 
getting off the ground. 

Befitting their ephemeral nature, al- 
lowances officially exist only as stored data 
in a central computer system at the EPA in 
Washington, D.C. After a long delay, this 
Allowance Tracking System was brought 
on-line last spring. 

At first, buyers and sellers had few ways 
of finding each other. Then brokers and var- 
ious trading systems appeared that enabled 
those seeking or selling credits to post their 
propositions bulletin-board style. Besides 
Aer*x, they include: the Environmental 
Brokerage Services department at Cantor 
Fitzgerald, the world’s largest auctioneer of 
Government debt and related securities; 
Clean Air Capital Markets of Washington, 
D.C.; Emission Exchange Corp. of Denver, 
Colo.; and the Terra Group of Washington, 
D.C. In addition, a number of utilities have 
departments or subsidiaries set up to broker 
their own (or other) deals; they include PSI 
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Energy (formerly Public Service Co. of 
Indiana) in Indianapolis, and Wisconsin 
Electric Power Co. in Milwaukee. Brokers 
charge various fees for arranging a deal; 
Cantor Fitzgerald, for example, generally 
receives $1.75 per allowance. 

To stimulate trading and help set prices, 
the EPA withholds some allowances each 
year—150 000 in the first phase, 200 000 in 
the second—and auctions them off along 
with any others put on the block by electric 
utilities and other sellers. (The numbers 
amount to under 3 percent of the total 
allowances issued in any year.) Proceeds 
from the auctions are distributed among the 
utilities from which the allowances were 
originally withheld. 

After the withheld allowances are auc- 
tioned off, others put up for sale privately are 
sold. For this second auction, bids to buy and 
offers to sell are submitted in advance. 
Buyers indicate how many allowances they 
want, and what they are willing to pay (sellers 
indicate what they are willing to sell for). The 
auctioneers take the highest bid and match it 
with the lowest offering price, and the trans- 
action is completed at the bid price. The next 
lowest offering price is then matched with 
the next highest bid, and so on. In effect, the 
highest bids to buy get highest priority. 

At the auctions, which are actually car- 
ried out by the Chicago Board of Trade, any- 
one may buy allowances, enabling specula- 
tors to look for deals with an eye towards 
making a profit if prices rise. Also, environ- 
mental organizations and even concerned 
citizens can, in effect, buy the right to have a 
ton of SO, kept out of the atmosphere (the 
number of allowances sold for environmen- 
tal reasons has been negligible, however). 

To date, two auctions have been held. In 
the one held in March 1993, prices varied 
considerably, with first-phase allowances go- 
ing for $131 to $450, and second-phase cred- 
its fetching $122 to $310. More recently, al- 
lowance prices have more or less stabilized 
at about $160 for an allowance usable during 
either phase, and $150 for an allowame us- 
able during the second phase only. 

In the other auction, held last March 29, 
most—120 000—of the allowances were pur- 
chased for $18 million by an organization call- 
ing itself the Allowance Holding Corp. The 
company was later traced back to Hunton 
& Williams, a Richmond, Va., law firm, 
which is believed to have bought them on 
behalf of one or more midwestern utilities. 

Such anonymity is becoming more com- 
mon as utilities feel more intense competi- 
tive pressures. “The price a utility pays for 
allowances could convey its marginal costs 
for compliance over time’ with the Clean 
Air act, explained Michael Gildea, a regula- 
tory analyst with the Edison Electric 
Institute, the Washington, D.C., trade asso- 
ciation representing investor-owned utili- 
ties. “This, in turn, conveys part of its inter- 
nal costs. When a utility is in a competitive 
situation, and conveys this information, it 








puts itself at a competitive disadvantage.” 
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Preparing to install a continuous emissions-monitoring system, workers drilled a 20-cm port 
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in a concrete smokestack at a generating station in Jersey City, N.J., in October of 1993. 


What is in their interests, all agree, is a 
robust and active market, of the sort that 
still eludes traders. Why this is so is not easy 
to explain. After all, noted Cantor Fitz- 
gerald’s Bartels, “we are dealing with what, 
by definition, should be considered an ideal 
commodity. Within a vintage, each allow- 
ance is perfectly fungible with all others. 
There’s no delivery problem, because they 
all exist in a database at the EPA. There are 
no grading problems. And you have major 
differences in the value of emissions among 
users. All that should add to and create a very 
nice market, with active buyers and sellers.” 

Theories about what is holding the mar- 
ket back abound. For one, when trading be- 
gan a few years ago, it was a practice well 
outside the realm of most utilities’ expertise. 
“These instruments are unique—entirely 
different from power or fuel markets,” said 
Michael Hyrnick, manager of the fuel supply 
department at Ohio Edison Co. in Akron. 
PROBLEMATIC PRICING. But “the 
main reason the allowance market has not 
flourished is the low price” of allowances, 
said Lisa Chalstrom, chief of the research, 
economics, and finance section of the Iowa 
Utilities Board in Des Moines. “Since utili- 
ties can bank allowances for phase 2 com- 





pliance, they have no incentive to sell allow- 
ances at a price below their phase 2 compli- 
ance costs per ton of SO, removed.” She es- 
timated these costs could exceed $200. 

“The real question is why the price is so 
low,” she continued. The reason, in her view, 
is “a glut of allowances on the market that 
were created by the [Clean Air Act] amend- 
ments. For political reasons, special alloca- 
tions of allowances were made’ to generators 
fitting a diverse variety of categories—those 
with certain capacity factors or emission 
rates, or in certain states, or owned by utili- 
ties investing in efficiency and conservation, 
and so on. “This influx of unearned al- 
lowances on the market lowers the value of 
earned allowances and lessens the incentive 
for units to overcontrol” and thereby “earn” 
allowances, Chalstrom asserted. 

The market is also said to be still feeling 
the effect of high estimates of allowance 
prices, which before trading actually began 
were predicted to be around $1000. On the 
basis of these values, some utilities affected 
by the first phase chose to follow relatively 
high-cost compliance options, such as in- 
stalling scrubbers. Many of these utilities 
are now reluctant to sell any of their excess 
allowances at a steep loss, preferring in- 
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stead to bank them for use in the future. 

The climate created by developments of 
this nature was not exactly conducive to 
wheeling and dealing. “Some segments of 
the industry, until recently, viewed the mar- 
ket perversely,” said Bartels. “The talk a 
year ago was, how much lower must the cost 
of allowances be below my other compliance 
options before I will consider them. That’s 
absolutely wrong on an economic basis, be- 
cause allowances are so much more flexible. 
If you build a scrubber, you’ve got a scrubber 
for 30 years [and] a coal contract might be 
for five, 10 years, whereas allowances have 
an option value—you can make a profit if 
the price goes up. Industry should be willing 
to pay a premium for allowances.” 
REGULATORY MISGIVINGS. As with any new 
administrative or financial practice in the 
utility industry, state regulators are also a 
powerful force. So far, they have retarded 
matters, in Bohi’s opinion. “No state has 
been pro-active in encouraging trading of 
allowances,” he said in an interview. “Cer- 
tainly, no state has worried about leveling 
the playing field by making sure cost-recov- 
ery rules are not biased, one way or anoth- 
er, against trading allowances.” 

The Iowa Utility Board’s Chalstrom dis- 
puted this assertion, noting that her organi- 
zation specifically reformulated its account- 
ing and rate-making rules to eliminate fiscal 
bias against allowances. The latter rules 
were changed to allow utilities to recover 
the costs of allowances needed for compli- 
ance right away, in much the same way that 
they can recover increased fuel costs— 
without waiting for a rate case. 

The biggest problem, in Bohi’s view, are 
the big coal-producing states, which are not 
surprisingly trying to protect their indus- 
tries. In order to ensure that their utilities 
will keep burning local—and often highly 
sulfurous—coal, several have adopted regu- 
lations that clearly favor the installation of 
scrubbers. In West Virginia, for example, a 
utility that installed a scrubber was allowed 
to recover costs right away, rather than go- 
ing through the usual utility procedure: bor- 
rowing the necessary funds and investing 
them in pollution-control equipment, and 
then applying to the public utilities commis- 
sion for authorization to recover the invest- 
ment and a reasonable return on it through 
higher customer charges after the equip- 
ment has been placed in service. The proce- 
dure is intended to protect ratepayers 
through the use of “post-construction pru- 
dency” and “used and useful” determinations 
to determine the funds were wisely spent. 

In Illinois, utilities are in effect barred 
from reducing their use of in-state coal with- 
out a special review by and permission from 
the state’s Commerce Commission. (The 
legislation was found unconstitutional by a 
US. district court.) The state has also de- 
manded that scrubbers be installed at two 
generating stations, but imposed no deadline. 
So Illinois Power Co.’s Baldwin plant and 
Commonwealth Edison’s Kincaid do not yet 
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have the scrubbers in place. In fact, Illinois 
Power is “about the only utility that has used 
allowances aggressively to come into compli- 
ance in phase 1,” Bohi said. 

The danger of such enthusiasm for 
scrubbers is that it could eventually in- 
crease the price of electricity, if it has not 
done so already. Installation and mainte- 
nance of scrubbers on a relatively modern 
plant averages about $300-$400 per ton of 
SO, removed—but the costs can be as high 
as $800 per ton, according to estimates by 
Carolina Power & Light and other utilities. 
Allowances, on the other hand, are now trad- 
ing for about $160. 

“Tn theory, utilities should not be incurring 
costs above the allowance prices; however, 
the costs are running up to six times the al- 
lowance prices,” said Kenneth Rose, senior 
economist at the National Regulatory Re- 
search Institute. “Sooner or later, regulators 
are going to catch on to this and the utilities 
with these high costs will be facing some 
rather large disallowances or be uncompeti- 
tive compared to utilities with lower costs.” 

Bohi, however, blames the problem on 
regulators. “It appears that regulators are 
not encouraging their utilities to do the right 
thing,” he said. “By the right thing, I mean 
the cheapest thing for the ratepayers.” 

Even when allowances are used to financial 
advantage, however, regulations are generally 
structured so that any income generated by 
the trading is returned to ratepayers, leaving 
utilities with little incentive to trade. In 
Indiana, another state strongly promoting 
the use of scrubbers, a deal between the 
state’s Utility Regulatory Commission and 
Southern Indiana Gas & Electric Co. re- 
quires the utility to credit to ratepayers 
almost all revenues from the sale of allow- 
ances. The single exception involves a spe- 
cial pool of 79 500 credits earned by in- 
stalling scrubbers at the utility’s F. B. Culley 
plant. If the utility can sell these allowances 
for more than $365—about $200 more than 
the going price—it is permitted to keep the 
difference. If it sells them for less than 
$365, however, the utility’s shareholders 
must make up the difference. “To my mind, 
it’s basically a scheme that discourages trad- 
ing,” said Bohi. 

“Regulators have got to allow utilities to 
profit from the purchase or sale of al- 
lowances,” Bohi added. “Utilities must be al- 
lowed to share with ratepayers lin] the ben- 
efits of trading, rather than passing them all 
along to the ratepayers.” 

It is not clear, however, that all utilities are 
interested in such sharing. In Iowa, according 
to Chalstrom, the utilities board and an orga- 
nization representing ratepayers tried to im- 
plement a scheme whereby allowance profits 
would be divided among utility shareholders 
and ratepayers, but only one utility— 
Midwest Power in Des Moines—was inter- 
ested. The others were scared off by provi- 
sions that would have required shareholders 
to bear part of any losses as well. 

Coal-producing states, it might be added, 





are not alone in obstructing trading, inten- 
tionally or otherwise. In March 1993, the 
New York State attorney general and envi- 
ronmental commissioner sued the EPA, al- 
leging that the EPA’s acid rain plan in gen- 
eral—and the allowance-trading provisions 
in particular—would further damage the 
state’s air quality and natural resources. 
The suit foresaw midwestern utilities buy- 
ing allowances to let them keep on emitting 
pollutants that drift into New York. The 
state’s legislature has also been considering 
legislation to restrict allowance trading. 

Bartels calls the New York action “fool- 
ish. New York State is a big beneficiary of 
this program,” he asserted. “The midwest is 
going to be where much of the cleanup 
takes place.” 

To some observers, manifestations of reg- 
ulatory hostility point to the real and under- 
lying problem: since allowance trading is still 
fairly new, regulators have not yet compiled 
much of a track record on how they regard 
the practice. Utilities are generally run in a 
conservative manner and are therefore hesi- 
tant to plunge right into it, these observers 
say. “What I hear is, they’re concerned about 
allowance transactions because of uncertain- 
ty about how they will be viewed by the regu- 
lators,” said EPRI’s Niemeyer. Although 
such trepidation does indeed seem wide- 
spread in the industry, no specific instances 
of regulatory second-guessing with regard to 
allowance trading have yet come to light. 

Bartels, for one, believes that much of the 

concern regarding regulatory uncertainty is 
exaggerated. “Utilities must realize they will 
never get regulatory certainty,” he said. “It’s 
not part of the system in which they do busi- 
ness. They buy and sell energy all the time, 
and sometimes they suffer a disallowance. 
But in the end, the smartest business deci- 
sion is always the most defensible. Utilities 
know that—they’ve had decades of experi- 
ence with energy transactions.” 
TO PROBE FURTHER. The March 1994 edition 
of The Electricity Journal had a three-part 
report titled “Fumbling on Emissions 
Trading?” The journal’s offices are at 1932 
First Ave., Suite 809, Seattle, WA 98101- 
1040; telephone 206-448-4078. 

The National Regulatory Research Insti- 
tute, the research arm of the National As- 
sociation of Regulatory Utility Commission- 
ers, has published five reports on allowance 
trading. The most recent one, “Regulatory 
Treatment of Electric Utility Clean Air Act 
Compliance Strategies, Costs, and Emission 
Allowances,” is dated December 1993. For a 
copy, call the Institute’s publications office at 
614-292-5425. 

Many of the allowance brokers have pro- 
motional pamphlets detailing how their sys- 
tems work. Cantor Fitzgerald, for example, 
has one on its Environmental Brokerage 
Services; it is available by writing to Cantor 
Fitzgerald Brokerage L.P., Environmental 
Brokerage Services, One World Trade 
Center, 105th Floor, New York, NY 10048; 
212-938-4250; fax, 212-938-4252. ¢ 
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The IEEE Field Awards 


For work on topics ranging 
from hot-carrier effects in 
MOS devices to the design of 
high-speed power generators, 
23 engineers are honored 


he JEEE’s Board of 
Directors has conferred 
the 1994 Technical Field 
Awards on 23 individuals 
who have made outstand- 
ing contributions to vari- 
ous areas of electrical and 
electronics engineering. 
The awards and those who received them 
are listed below. 

¢The Cledo Brunetti Award to Eiji 
Takeda (SM) “for pioneering contributions 
to the characterization and understanding of 
hot-carrier effects in MOS devices.” 

Takeda is department manager of the 
ULSI Research Center in Hitachi Ltd.’s 
Tokyo-based Central Research Laboratory. 
In the course of his work on very large-scale 
integrated (VLSD device physics, process 
technologies, and memory applications, he 
has created new and highly reliable submi- 
crometer MOSFET structures. Besides de- 
veloping in 1983 the first universal descrip- 
tion of device parameters degraded by hot 
carriers, he proposed the first physical mod- 
el of device degradation resulting from hot- 
carrier injection. Takeda’s current interests 
include thin-film silicon-on-insulator devices, 
flash memory, and nanometer lithography. 

He has published more than 120 interna- 
tional technical papers, as well as two books 
on hot-carrier effects, and was a guest edi- 
tor of IEEE Transactions’ special issue on 
reliability, in December 1988. 

* The Control Systems Award to Elmer G. 
Gilbert (F) “for pioneering and innovative 
contributions to linear state space theory 
and its applications, especially realization and 
decoupling, as well as to control algorithms.” 

Gilbert joined the department of aero- 
space engineering at the University of 
Michigan, Ann Arbor, in 1957 and became a 
full professor in 1963. At present, he holds 
appointments in that department and in the 
university's department of electrical engi- 
neering and computer science. 

During the 1950s and 1960s, Gilbert de- 
veloped and applied analog and hybrid com- 
puters. His 1963 paper on controllability 
and observability in multivariable linear sys- 
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tems is well known for its original contribu- | 
| tions to canonical structure and minimal re- 


alizations. In 1969 he published a complete 
solution of the linear, state-feedback decou- 
pling problem. In recent years, Gilbert has 
focused on nonlinear systems, robotic path 
planning in the presence of obstacles, and 
the feedback control of linear systems with 
pointwise-in-time constraints on state and 
control. Gilbert holds eight patents on vari- 
ous computer devices. 

¢The Herman Halperin Electric Trans- 
mission and Distribution Award to Abdel- 
Aziz A. Fouad (F) “for contributions to elec- 
trical power system analysis leading to 
improved control and stability of large utili- 
ty systems.” 

Fouad, a professor in the electrical engi- 
neering and computer engineering depart- 
ment at Iowa State University, Ames, joined 
its faculty in 1960. Power system dynamics 
and control has been the focus of his re- 
search. His recent work includes dynamic 
security assessment, the use of the tran- 
sient-energy—function method in the stabili- 
ty analysis of large power systems, and the 
analysis of stressed interconnected power 
networks. Fouad has also written 90 journal 
articles and two books. 

Last year he was awarded the IEEE 
Power Engineering Society’s Outstanding 
Power Engineering Educator Award. 
¢ The Masaru Ibuka Consumer Electronics 
Award to Carl G. Eilers (F) “for pioneer- 
ing contributions to FM stereophonic and 
television multichannel sound broadcasting 
systems.” 

Eilers, manager of electronic systems re- 
search and development for Zenith 
Electronics Corp., Glenview, IIl., joined the 
company in 1948 as an engineer working on 
subscription TV scrambling. As manager of 
what became Zenith’s circuits and commu- 
nications research group, he led its develop- 
ment of stereo FM broadcasting—work 
that led to a U.S. national and international 
standard. At present, he is working on high- 
definition TV. He’s the author of more than 
25 papers and been granted 17 patents. 
¢ The Award in International Communication 
to Stephen Temple (nonmember) “for 
contributions to the development and fur- 
therance of worldwide telecommunications 
standards.” 

Temple’s award comes in part for his ef- 
forts at the United Kingdom’s Ministry of 
Posts and Telecommunications, which he 
joined as a satellite systems engineer in 
1971 Until 1979, he represented the min- 


0018-9235/94/$4.00©1994 IEEE 








istry at meetings of the International Radio | 


Consultative Committee of the International 
feleconumunication Union. 

Temple moved to ihe telecommunica 
tions division of the Departinent of ‘Trade 
and Industry in 1984 as director of technical 
affairs. He was instrumental in helpmg to 
set the techincal unde:piruiings, agreed to 
at this point by 70 operators in 45 countries, 
of the European Global System for Mobile 
Communications’ (GSM’s) digital celiuiar 
radio system. He has also beet: influential in 
opening the 18-GHz region of the specti wii 
to personal communications services. 

In 1987, he worked with others io reform 
European teleconununications standards 
making, which led io the esiablishmeiit of the 
European Telecommunications Standards 
Institute. Since 1992, Temple has peeii ie 
sponsible for the telecommunications, cadio, 
and broadcasting industries in the UK. 
¢ The Reynold B. Johnson Information 
Storage Award to C. Denis Mee (F) ‘for 
contributions vo the design of upiical, magic 
to-optical, and niaynetic recording files. 

Mee, ati IBM Fellow Emeritus, emigrated 
from Britain to the United States to join 
CBS Laboratories, where he developed a 
magneiic recording sysiem for a high-deusi 
ty magnetic-iape audio stereo recorder in 
1959. Upon joining IBM Corp. in 1962 as 


manager of the magnetic devices group ai | 


the Thomas J. Watson Research Center, he 
developed technologies for such applications 
as multilayer nagnetic thin-film devices. 

Mee transferred to the Advatced 
Technology Project, Sau Jose, Calif, three 
years later and initiated projecis i1. mague- 
to-optical recording, holographic storage, 
and magnetic bubbles. In 1970 he became 
leader of a wide-ranging snaguietic-record- 
ing technology project, which laid the foun 
dation for the thin-film heads and disks that 
appeared in tape storage products during 
the 1980s; he holds some of the earliest 
patents on thin-film heads and inagneto op 
tical recording methods. 

In 1981, Mee started a new laboratory for 
advanced magnetic recording. Six yeais later 


he started a similar operation for optical data | 


storage. Both labs have developed new cou: 
ponents currently used in stovage producis. 
« The Richard Harold Kaufmann Award to 
Daniel J. Love (LF) “for the development 
aud application of unique aualytical vech 
niques to unprove phase and ground fault 
piotection of industrial power systems.” 
Love, now associated with LCR Consulting 


Engineeruig, a firm specializmg in clecuwo- | 
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forensic engineering, joined Bechtel in 1968 
after working as a test engineer in a steel 
mill and designing generating stations. At 
Bechtel, his assignments included designing 
industrial plants and generating stations 
and developing plans for protecting them 
and distribution systems, as well. 

For 480-V systems, Love created inverse 
damage limit curves, which are used to co- 
ordinate ground fault protection. He also 
published more than 30 technical papers on 
protection and other subjects. 
¢The Koji Kobayashi Computers and 
Communications Award to Jonathan S. 
Turner (F) “for fundamental contributions 
to communications and computing through 
architectural innovations in high-speed pack- 
et networks.” 

Turner joined the faculty of Washington 
University, St. Louis, in 1983, following a 
stint at Bell Laboratories, Napier, II. 
(1977-83), where he developed diagnostics 
software for telephone switching systems 
and was the lead system architect for Bell 
Labs’ first applied research project on 
fast packet switching. He became a full 
professor in 1990. 

The design and analysis of switching 
systems, particularly ones that are able 
to support multipoint communication, 
are Turner’s primary research inter- 
est. He holds 17 patents and has many 
widely cited publications to his credit. 
His broadcast packet-switch architecture 
was among the first asynchronous trans- 
fer mode (ATM) switch architectures to 
address effectively the problem of multi- 
point communication. 
¢ The Morris E. Leeds Award to Oliver 
C. Wells (nonmember) “for contributions to 
the application of scanning electron mi- 
croscopy in dimensional, electrical, and mag- 
netic measurements.” 

Wells, a member of the Cambridge Uni- 
versity team that developed the scanning 
electron microscope (SEM), was later em- 
ployed (1959-64) at the Westinghouse Re- 
search and Development Center in Pitts- 
burgh, where he was the first to obtain an 
induced signal image from a semiconductor 
device and to demonstrate SEM-type regis- 
tration during the electron beam fabrication 
of semiconductor devices. 

In 1966 he joined IBM’s Thomas J. 
Watson Research Center, where he is now 
a researcher emeritus, and began full-time 
investigations into SEM theory and applica- 
tions. With others, he discovered the low- 
loss electron image in the SEM; the reflec- 
tion SEM image for a solid sample in the 
high-field region of a condenser-objective 
lens; and several new ways of studying 
magnetic samples in the SEM. 
¢The Morris N. Liebmann Memorial 
Award to Lubomyr T. Romankiw (M) “for 
innovations in thin-film fabrication processes 
to realize inductive and magnetoresistive 
thin-film heads for large-scale storage.” 

Romankiw joined IBM Corp.’s Thomas J. 
Watson Research Center, where he is now 
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senior manager of the Electrochemical 
Technology Department (Manufacturing 
Research) and IBM Fellow, in 1962. Since 
then, he has developed fabrication process- 
es for electronic components and devices 
using a combination of vacuum, lithography, 
and electrochemical techniques. 

His most important contribution, affect- 
ing magnetic storage, was the development 
of the fabrication technology for induc- 
tive-read-write heads and integrated induc- 
tive-write magnetoresistive-read thin-film 
heads. At present, he and his co-workers 
are pioneering the high-speed electrochem- 
ical micromachining of minute electronic 
components, as well as high-energy-density 
batteries. 

The holder of 43 patents, Romankiw has 
110 inventions to his credit and is the author 
of more than 100 scientific papers. 
¢ The Eli Lilly Award in Medical and Biological 
Engineering to Earl E. Bakken (F) “for pio- 
neering development and commercialization 
of implantable 
















cardiac pacemakers.” 

Bakken founded Medtronic Inc. in 1949 
to repair electronic appliances for hospitals, 
clinics, and doctors’ offices in his native 
Twin Cities. In 1957, a major power failure 
occurred there, prompting a request by Dr. 
C. Walton Lillehei, an open-heart-surgery 
pioneer, for a battery-powered cardiac 
pacemaker. 

Bakken constructed the first such device 
that same year, and in 1960 Medtronic began 
to produce the first reliable battery-pow- 
ered, implantable pacemaker, soon becoming 
the foremost producer of implantable brady- 
cardia pacing systems. He retired as a corpo- 
rate officer in 1989 but continues to serve as 
director and consultant to Medtronic, which 
continues to develop and manufacture thera- 
peutic medical devices. 

His many awards include an IEEE 
Centennial Medal. 
¢ The Jack A. Morton Award to Robert E. 
Kerwin (PM), Donald L. Klein (nonmem- 
ber), and John C. Sarace (nonmember) “for 
pioneering work and the basic patent on the 
self-aligned silicon-gate process, a key ele- 
ment in the fabrication of very large-scale in- 
tegrated circuits.” 

At Bell Laboratories in the mid-1960s, 
Kerwin, Klein, and Sarace labored to im- 











prove the performance of MOS devices and 
to fabricate them in ways that would in- 
crease their stability and density. This re- 
search led to the use of doped polysilicon 
films as electrodes and conducting inter- 
connects—a major breakthrough that 
made possible today’s high-density, high- 
speed integrated circuits. 

Kerwin, general manager of AT&T 
Corp.’s Intellectual Property Division, joined 
Bell Labs in 1964, following several years as 
a member of the Polymer Research Group 
at the Mellon Institute. He became supervi- 
sor of Bell Labs’ Lithographic Development 
Group in 1970 and a decade later took engi- 
neering responsibility for the Integrated 
Circuit Design Capability Line, focusing on 
the development of CMOS devices. 

Ten years later Kerwin was appointed 
head of the Component Quality and Reliability 
Department of Bell Labs’ Quality Assurance 
Center. He transferred to AT&T corporate 
in 1986 and assumed his present position in 
1990. 

Klein, a consultant on microelectronic 
materials and processes who retired as se- 
nior engineer for IBM Corp. in 1987, start- 
ed at Sylvania’s Physics and Chemistry 
Laboratory in 1952. Six years later he 
joined Bell Labs, where he was inven- 
tor or co-inventor on patents relating 
to semiconductor contacts, atomically 
clean surfaces, tunnel diodes, and polysili- 
con-gate self-aligned FETs. 
In 1967 he moved to IBM, forming a 
group that addressed semiconductor 
lithography. Later, he studied silicon crys- 
tal growth, ion implantation technology, 


Andy Schenck and electronic packaging technology. 


Sarace, who retired as Rockwell 
International Corp.’s technical director for 
fabricating infrared devices used in military 
surveillance applications, worked at Bell 
Labs from 1962 to 1967. In 1968, he became 
section head of materials development at 
Harris Semiconductor Inc. and directed re- 
search into dielectric isolation techniques 
for radiation-hard bipolar devices. 

Two years later, he joined the David 
Sarnoff Research Center and focused on 
silicon-on-sapphire CMOS process develop- 
ment and device performance. Sarace 
moved to Rockwell in 1974 as section head 
of the company’s Microelectronics Research 
and Development Center. He assumed his fi- 
nal position at Rockwell in 1987. 
¢ The Frederik Philips Award to Minoru 
Nagata (F) “for leadership in research 
and development of silicon integrated.cir- 
cuits and fostering international informa- 
tion exchange.” 

Nagata joined Hitachi Ltd.’s Central 
Research Laboratory (CRL) in 1956. From 
1964 to 1965 he was a research associate at 
Stanford Electronics Laboratory in 
California, helping to set up the Stanford IC 
Laboratory. Returning to Hitachi CRL in 
1965, he worked on linear ICs and (from 
1968 to 1972) supervised a group research- 
ing MOS large-scale integration (LSD and 
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computer-aided design (CAD) for ICs. In 
1972 Nagata was named department head 
of CRL’s Integrated Circuit Laboratory. 
Since 1985, he has been director and senior 
chief scientist, corporate technology. 

Important projects Nagata initiated in- 
clude research into short-channel and high- 
speed n-MOSFETs, n-channel dynamic- 
RAM technology with low-voltage operation, 
an integrated MOS-LSI layout program with 
a unit cell concept, and a two-dimensional 
device simulation program. 
¢ The Emanuel R. Piore Award to John 
L. Hennessy “for contributions to quan- 
titative evaluation of computer architec- 
tures and the successful implementation 
of reduced instruction-set computer 
(RISC) architecture.” 

At Stanford University, California, since 
1977, Hennessy is the Willard and Inez Kerr 
Bell endowed professor of electrical engi- 
neering and computer science. In 1981 he 
initiated one of three early RISC research 
prototypes. In 1984-85, he helped found 
MIPS Computer Systems Inc., which devel- 
oped microprocessors based on this concept. 

His research interest is the architecture 
and design of scalable multiprocessors, as 
well as the software needed to exploit such 
machines. With David Patterson, he is the 
author of Computer Architecture: A Quan- 
titative Approach (1990), which is now re- 
garded as a standard text, and of Computer 
Organization and Design: The Hard- 
ware/S oftware Interface (1993). 
¢ The Judith A. Resnik Award to Johannes 
Dietrich (nonmember) “for development of 
a successful high-performance, rugged, mul- 
tisensor miniaturized robotic gripper for use 
in the outer space environment.” 

Dietrich has been employed by the 
German Aerospace Research Establishment 
(DLR) since 1981 For five years, he devel- 
oped robot sensory and actuator systems, es- 
pecially miniature laser triangulation range 
finders, both strain-gauge—based and compli- 
ant force-torque sensors, tactile arrays, and 
low-friction drives. 

From 1986 to 1992 he was chief develop- 
er of the multisensory robot gripper for the 
Rotex space robot. His team created a light- 
weight, high-force gripper that worked per- 
fectly on shuttle flight STS 55, in April 1993. 
Since 1993 he has been chief engineer and re- 
search project leader for mechatronics re- 
search in DLR’s space robot program. 
¢ The David Sarnoff Award to Won. T. 
Tsang (F) “for innovative contributions to the 
design of novel quantum well semiconductor 
lasers and to epitaxial growth processes.” 

Tsang joined Bell Laboratories’ Solid 
State Electronics Research Laboratory, 
Murray Hill, N.J., in 1976, to study semicon- 
ductor lasers. In 1984 he became head of the 
electrophotonics research department of 
Bell Labs’ Holmdel facility, and since 1987 
has headed the semiconductor electronics 
research department at Murray Hill. His re- 
sponsibilities include managing semiconduc- 
tor laser research, particularly high-perfor- 
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mance InP/InGaAsP lasers for light-wave 
communications. He also conducts his own 
research on semiconductor lasers and other 
devices grown by chemical beam epitaxy. 

In the field of semiconductor laser struc- 
tures, Tsang’s work has had a major impact. 
He was the first to demonstrate low-thresh- 
old lasers grown by molecular beam epitaxy 
(MBE) and also achieved the first current 
injection of multiquantum-well lasers— 
breakthroughs that are still used in a high 
proportion of the compact-disc lasers pro- 
duced today. 

In 1983 he and his colleagues demonstrat- 
ed a tunable laser formed from two indepen- 
dently controllable current injections using 
two optically coupled cavities. This led to to- 
day’s basic laser tuning mechanism. More 
recently, Tsang extended the solid-source 
molecular beam epitaxy technique of crystal 
growth to metal-organic sources to grow 
device-quality InP/InGaAs epitaxial lay- 
ers—a method now widely used to fabricate 
photonic and electric devices. 
¢ The Solid-State Circuits Award to Paul 
R. Gray () “for contributions to analog in- 
tegrated circuit design, especially for MOS 
switched capacitor circuits.” 

Gray spent several years at Fairchild 
Semiconductor’s R&D Laboratory until 1971, 
when he joined the department of electrical 
engineering and computer sciences at the 
University of California, Berkeley, where he 
is now a professor. During leaves of absence 
from the university, he served as project 
manager for telecommunications filters at 
Intel Corp. (977-78) and as director of 
CMOS design engineering at Microlinear 
Corp. (1984-85). 

His research interests have included bipo- 
lar and MOS circuit design, electrothermal in- 
teractions in ICs, device modeling, telecom- 
munications circuits, and analog-digital 
interfaces in VLSI systems. Gray and his 
colleagues contributed new circuit tech- 
niques allowing MOS VLSI to be used for 
such analog and mixed-signal functions as 
continuous and sampled data filters and 
analog-digital converters. With RG. 
Meyer, he authored a widely used college 
textbook on the design of analog ICs. 

¢ The Charles Proteus Steinmetz Award 
to Clayton H. Griffin (LF) “for leadership 
and continuing contributions to the develop- 
ment of protective relaying standards.” 

Griffin, who retired from Georgia Power 
Co. as manager of system protection and 
control, joined the company in 1949 as a 
tester in the system operations department. 
His department was responsible for all relay 
application, field test, and control computer 
engineering on the Georgia Power system. 

In 1966, Griffin joined the IEEE Power 
System Relay Committee (PSRC), where he 
has helped develop more than a dozen 
IEEE standards, including guides for pro- 
tecting generators, power transformers, 
shunt reactors, and pumped storage hydro 
plants. In 1983 Griffin formed the IEEE 
Standards Coordinating Committee on 





Dispersed Storage and Generation, which has 
produced four IEEE standards, including 
the basic document for this technology. 

¢ The Nikola Tesla Award to Carl Flick 
(LF) “for long-term creative contributions 
and leadership in the design and develop- 
ment of advanced high-speed generators.” 

Flick, a consultant for Techno-Lexic, re- 
tired from Westinghouse Electric Corp. in 
1989 as an advisory engineer. He had joined 
the company in 1952 as an assistant engi- 
neer designing turbine generators. Flick’s 
career focused on high-speed round-rotor 
machine design. His early research involved 
the design and application of machines to 
electric utilities and industrial power plants. 

Soon he went to work on unusual products 
with complex performance requirements, 
specializing in designs for low and closely con- 
trolled reactance coefficients—for example, 
a very-large—pulse power generator that de- 
livered short-circuit currents comparable to 
those generated by a normal power system. 
Low reactance was also required for super- 
conducting generators. He led a team in this 
challenging effort, which yielded most of his 
six patents and 20 technical papers. 
¢ The Graduate Teaching Award to Thom- 
as K. Gaylord (F) “for contributions to 
graduate education in optics and electrical 
engineering and for inspirational guidance of 
Ph.D. students.” 

Gaylord, Julius Brown chair and Regents’ 
professor of electrical engineering at the 
Georgia Institute of Technology, in Atlanta, 
became an assistant professor there in 
1972. Over the years, he helped establish a 
program of courses and research in optics. 

In his own research Gaylord has partici- 
pated in the development of rigorous cou- 
pled-wave analysis, an exact electromagnetic 
method of characterizing grating diffraction 
that is now used throughout the world to an- 
alyze and design diffractive optical compo- 
nents. He has also helped develop a new type 
of semiconductor electronic and optoelec- 
tronic device based on quantum-mechanical 
electron-wave propagation effects. Gaylord 
also holds eight patents and has written some 
180 technical journal publications. 
¢ The Undergraduate Teaching Award to N. 
Narayana Rao (F) “for inspirational teach- 
ing of undergraduate students and the devel- 
opment of innovative instructional materials 
for teaching courses in electromagnetics.” 

Rao joined what is now the department of 
electrical and computer engineering of the 
University of Illinois at Urbana-Champaign, 
where he is currently a professor and asso- 
ciate department head, in 1965. He has car- 
ried out research in the general area of 
ionospheric propagation, taught a wide va- 
riety of courses, and developed new cours- 
es in electromagnetic fields and radio wave 
propagation. He is also the author of text- 
books—Basic Electromagnetics With 
Applications (1972) and the four editions of 
Elements of Engineering Electromagnetics 
(1977, 1987, 1991, and 1994)—and of innova- 
tive instructional software. Sd 
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PROFESSION/PROFILE 


M. Urn diujporsogerr 


A former prodigy and 
professor, this pacifist who 
loves poetry has taken 
charge of a defense research 
center in his native India 


athukumalli Vidyasagar is opin- 
ionated yet witty, forthright yet 
friendly. There’s a touch of sil- 
ver in his hair and beard, and 
he appears at ease in an open- 
necked shirt, cotton trousers, 
and sandals. He likes to sing 
and loves poetry, which he 
reads whenever he has even a few moments 
to spare. In a round of free associations, he 
probably would not be what sprang to mind 
when the prompt was “defense department 
official”—which is, technically, what he is. 

“I’m not a very unusual person,” he in- 
sists, but evidence to the contrary abounds. 

For one thing, there was his response to 
the mid-life question, what do you do after 
earning a bachelor’s degree at age 17, a 
Ph.D. at 21, and a full professorship at Sir 
George Williams (now Concordia) Uni- 
versity in Montreal at 29, not to mention an 
IEEE fellowship citation (for “contributions 
in the stability analysis of linear and nonlin- 
ear distributed systems”) at 35? 

What he did, at age 41, was pack up and 
move with his wife and six-year-old daugh- 
ter to Bangalore, India, to direct the recent- 
ly established Centre for Artificial Intel- 
ligence Research, under the Indian Defence 
Research and Development Organization. 
The pay in his new job, though excellent by 
Indian standards, was still less than a twen- 
tieth of what he had been earning in Canada. 
He had not lived in India for decades—his 
parents, his sister, and he had left almost 30 
years before, and it had been 17 years since 
his wife had left the country to marry him. 

His daughter missed their comfortable, 
four-bedroom, yellow split-level home on the 
edge of the University of Waterloo’s pastoral 
campus, where Vidyasagar had a tenured pro- 
fessorship and an office a short walk from his 
house. “Many of my friends were surprised 
when I took this job at the defense ministry,” 
he said, “because I am basically a pacifist.” 
MENTAL OVERDRIVE. To understand such com- 
plexities requires a little history. Vidyasagar is 
a kind of intellectually restless prodigy who 
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has changed his area or place of research 
every few years. 

“I’ve never met anyone whose mind 
works faster,” said Bruce A. Francis, who was 
advised by Vidyasagar for a year during a 
Ph.D. project and is now a professor at the 
University of Toronto. “You don’t even have 
to finish sentences, and he knows what 
you're going to say. He absorbs entire fields 
in what seems a few weeks.” 

Indeed, in 1960, Vidyasagar’s entrance 
into the public school system in Columbia, 
Mo., caused a minor commotion as school 
officials tried to determine what grade to 
place him in. “First of all, they refused to 
believe a 13-year-old belonged in grade 12,” 
said Vidyasagar (whose name, translated 
from the Telugu, means “ocean of knowl- 
edge”). “They wanted to put me in grade 7.” 

The family was only in Columbia because 
the father had accepted a position at the 
University of Missouri, and he was adamant. 
After looking at the boy’s school books, the 
principal, too, inclined to moving him ahead. 

On his second or third day in math class, 
the white-haired teacher, Miss Nellie Kitchen, 
put a problem on the board. “Suppose A, B, 
and C are any three numbers,” Vidyasagar 
recalls her saying. “Show that the log to the 
base B of A times the log to the base C of B 
times the log to the base A of C equals 1” Her 
challenge was met with mostly blank stares. 

“T was very shy,” Vidyasagar recalled. “I was 
literally just off the plane, this little fellow with 
a thick accent from a strange land. After a few 
minutes, I told her how to do the problem. She 
said, ‘Oh, of course, your father is a professor 
of mathematics.’ I said, ‘Well, actually, we did 
this problem in India last year [in the Ith 
gradel.’ Suddenly, my classmates realized the 
standard in India wasn’t so bad after all.” 
LONELY GENIUS. But his acceptance was 
strictly academic. “It was very lonely. In 
India, your whole social life doesn’t revolve 
around school. I studied with one bunch of 
people [three or four years older] and played 
with kids my age. In the states, I found 
almost no social life outside of school. I 
didn’t know a single person my own age.” 

Happily, the solitude lasted only a year. 
Just shy of his 14th birthday, he started at 
the University of Missouri, which was much 
more to his liking. After his father’s next 
move, though, to Alberta, Canada, he trans- 
ferred to the University of Wisconsin in 
Madison, where he got his bachelor’s, mas- 
ter’s, and Ph.D., all in electrical engineering. 

At Wisconsin, the teenager could indulge 
his other passion, for poetry in Telugu, the 
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tongue of Andhra Pradesh in South India, 
where he was born. “They had a really good 
Oriental language program, with thousands 
of Telugu books. Mostly trash. They had 
gotten some money to buy books, and 80 
percent of them were pulp fiction. The 
other 20 percent were poetry. It was the 
oddest mix imaginable. I probably read 
every Telugu poetry book they had.” 

After getting his Ph.D. in 1969, he taught 
for a year at Marquette University, in Mil- 
waukee, which he also liked. Nonetheless, 
those first few years after receiving his Ph.D., 
when he was teaching undergraduates, were 
awkward at times for the sociable and ath- 
letic young adult. “I mean, I was teaching 
them in the morning and playing touch foot- 
ball with them in the afternoon,” he recalled. 
“Tt just didn’t work out. I found I couldn’t be a 
professor and hang out with students.” 

To be closer to his family, he began looking 
for a more permanent position in Canada. 
When he found one, in 1970 at Sir George 
Williams University in Montreal, he was actu- 
ally farther away from his clan, then based in 
Alberta. Some families, however, have the abil- 
ity to be close-knit regardless of where their 
members are, and Vidyasagar’s is one of them. 

His peripatetic father went on sabbatical 
in Madras, and this was to have a profound 
effect on his son’s life. In Madras, one of his 
mother’s friends mentioned that he had a 
young cousin who might be willing to meet 
the up-and-coming young professor. And so 
it was arranged. Or, rather, “introduced.” 

“Tt was an ‘introduced’ marriage,” he ampli- 
fies for the benefit of a crass Westerner. 
“Arranged is a misnomer. It makes it seem 
like something where there is no choice—as 
though someone dictates to you, “This is the 
person you are going to marry.’ Your parents 
act like a screening committee. You meet this 
person, you sit and talk, and then you take the 
plunge, or don’t, as the case may be.” 
STOLEN GLANCES. He still remembers the 
details of his first meeting with Valluri 
Shakunthala, his future wife, on Aug. 19, 
1972. “These are awkward situations,” he 
said. “You try to steal glances without 
making it obvious. What makes it work is 
that the young people bring a lot of com- 
mitment to making it work.” Three weeks 
later, they were married in Madras. 

At the time Vidyasagar, no slouch in the 
peripateticism department himself, was at 
the University of California, and his new 
bride’s initiation into the United States was 
an eventful one. “Ihad to tell her, Los 
Angeles is a very dangerous place. Once, 
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when we were out grocery shopping, I said, 
‘Wait here; I’ll go get the car.’ I came back, 
and she said, ‘I met this very nice man.’ I 
said, ‘What nice man?’ She said he had told 
her, ‘You are very pretty, why don’t you 
come with me...’ I had to tell her, he wasn’t 
avery nice man.” 

In the meantime, Vidyasagar was estab- 

lishing a name for himself as an expert in non- 
linear feedback systems, an important 
research area in control theory. In this 
endeavor he was fortunate to have the help 
of Charles A. Desoer, now an emeritus pro- 
fessor at the University of California, Berkeley, 
and one of the most repected figures in the 
field. Desoer invited Vidyasagar to spend 
the summer of 1973 at Berkeley, where 
the two of them collaborated on a book, 
called Feedback Systems: Input-Output 
Properties, soon to become the standard 
reference on the subject. 
CAUSING A STIR. A second and more 
comprehensive textbook, titled 
Nonlinear Systems Analysis, followed; 
written by Vidyasagar alone, its sec- 
ond edition was released in 1993 by 
Prentice Hall in Englewood Cliffs, N.J. 
“I take an area, try to teach it, and 
then write a book,” Vidyasagar ex- 
plained. “This way, I can understand it 
for myself.” 

Having collaborated with the top re- 
searcher and written the classic book by 
age 30, he moved on. In the early 1980s 
Vidyasagar began focusing on multivari- 
able control, essential in the design of 
airplanes, robots, and similar high-per- 
formance systems. He did early work on 
a ground-breaking technique, H,, opti- 
mization, for working on multivariable 
controllers in the frequency domain, and 
he invented an analogous, time-domain 
technique called L, optimization. Then 
came another book—the first to 
describe H,, optimization—on multivariable 
control, and, again, it was time to move on. 

But he did not go quietly. A plenary talk 
he gave at the 1985 IEEE Conference on 
Decision and Control caused such a stir that 
after he finished speaking, “many people 
actually jumped up, they were so angry,” 
Francis recalled. “He felt we were working 
on the wrong kinds of problems, and things 
were getting stale. So he gave some exam- 
ples of important control problems that we 
should be working on.” Among Vidyasagar’s 
picks were hybrid systems, which in control 
engineering means systems that combine 
logic or symbolic elements with more tra- 
ditional analog or digital electronics. 

Nine years later, Vidyasagar has been 
largely vindicated, in Francis’s view: “He got 
people upset then, but he was right, in a lot 
of aspects.” Hybrid systems, for example, 
have attracted much attention in recent 
years, to the extent that control conferences 
today often devote an entire session to them. 

In the mid-1980s, he began working in 
robotics, coauthoring a paper on the robust 
control of robots. This work led to his cur- 
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rent position in Bangalore, which, in turn, 
has led him into projects in neural networks 
and artificial intelligence. 

He attributes his career pattern of chang- 
ing fields every few years to the German 
mathematician David Hilbert (1862-1944), 
another intellectually restless savant and the 
subject of a biography he read many years 
ago. As for the secret of his own books’ suc- 
cess, he believes it is mostly a matter of tone. 
“lm more interested in educating the reader 
than impressing the reader. I think I’m a good 
expositor. Good exposition makes the re- 
search [described] seem better than it is.” 

“Many famous people don’t read other 





At 41, Mathukumalli Vidyasagar returned to India out of 
a desire to do more in life than pursue his own research. 


people’s papers in their field,” he added after 
a few moments’ reflection. “They think they 
don’t have anything to learn from other peo- 
ple. That’s preposterous, isn’t it?” 

The comment stems from an inner strug- 
gle; after all, this is a man who has excelled 
spectacularly for most of his life but who has 
deliberately resisted surrendering to arro- 
gance. If this struggle is generally won, it is 
because of his wife—who, he said, “thinks I 
have already lost the battle.” 

“People like me need wives that deflate 

them occasionally,” he concluded. 
CANADA’S LOSS. In his current position, he is 
clearly a very, very big fish in a small pond. 
The Centre for Artificial Intelligence Research 
(CAIR) has 30 scientists and an annual budget 
of 15 million rupees (US $500 000). Research 
topics include robotics, flight control systems 
for military jets, neural networks, computer 
vision, and knowledge-based systems. 

Why did he make the move? “Signs of 
creeping middle age, I guess. I mean, I was 40 
years old, and I'd been a professor for 20 
years. One can keep doing the same thing, 
with no sense of suspense anymore. I could 











have kept doing research at a certain pace for 
as long as I wanted. But I was interested in 
doing something different. I didn’t want to 
come back to India as a professor. 

“I wanted to know if I could contribute 
something more than my personal research. 
What is it a person like me can do for a coun- 
try? I’m not an industrialist who can start a 
business and provide jobs. The best I can do 
is start an enterprise like this, where some 
good people can get together and do some 
good research.” 

Francis, while confirming that nationalism 
was part of Vidyasagar’s motivation, felt there 
were probably more fundamental reasons as 
well. “He wanted his daughter to be edu- 
cated in Indian culture, and with an 
Indian value system,” he said. “He some- 
times spoke of the [North American] 
divorce rate and drug use...the things we 
all worry about here.” 

While there were some trying times 
early on following his return, Vidyasagar 
said he learned as the months went by 
either to circumvent or to accept India’s 
peculiarities. “The main difference in 
India is that there are no procedures or 
rules that are clearly enunciated,” he 
said. “Everything is extremely ad hoc. 
What we have is chaos masquerading as 
bureaucracy. That’s what it took me a 
long time to get over.” 

Even being a military man is some- 
thing Vidyasagar has become com- 
fortable with. “There’s a difference 
between Indian and U.S. defense offi- 
cials,” he observed. “It stems from the 
different world views of these coun- 
tries. India really does not have extra- 
territorial ambitions...[whereas] U.S. 
policy is driven by the global police 
concept.” His center does no classified 
work, and he is only rarely put on a 
committee dealing with classified mat- 
ters, he said. 

His comfortable, book-lined office at CAIR 
is fairly typical of a senior control engineer- 
ing researcher— except for the pile of Telugu 
poetry books on the desk. “I read it to take a 
break,” he said, almost sheepishly. There’s a 
Sun workstation, a sofa, art on the walls (‘a 
prize-winning painting by my daughter,” he 
explained proudly), and a soothing green view 
of tropical trees outside the windows. 

A love of poetry runs in his family. Once, 
flipping through Telugu Poets of the 19th 
Century, he came across the name of an 
ancestor, Mathukumalli Narashimha Sastry. 
His grandfather, too, loved poetry and he 
shared the passion with young Vidyasagar. 

The family, he added, also has a cele- 
brated poetess (named Mathukumalli Indu- 
mathi). His visitor finds this interesting, 
because with all his accomplishments, this is 
the only boast Vidyasagar makes during a 
long day of answering questions, sharing his 
opinions, and describing his life. 

“Many families can claim ‘a famous poet,” 
he explained, “but not many a famous poet- 
ess, 100 years ago.” oS 
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Employment opportunities 








Organizations seeking engineers and scientists describe 
their various openings in the following advertising section 
In order to conform to the Age Discrimination in Employ- 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads,” “1—4 years maxi- 
mum experience,” “up to 5 years experience,” or “10 years 
maximum experience.” IEEE reserves the right to append 
to any advertisement, without specific notice to the ad- 
vertiser, “Experience ranges are suggested minimum re- 
quirements, not maximums.” IEEE assumes that, since 
advertisers have been notified of this policy in advance, 
they agree that any experience requirements, whether 


To place an advertisement in Spectrum's Employment Opportunities section, contact the nearest Spectrum sales office 


San Francisco 
415-386-5202 


For production/mechanical information contact Martin Barbieri Advertising Production Manager, 908-562-6334 
IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 


New York 
212-705-7760 


Boston 
508-255-4014 


Chicago 
708-446-1444 


stated as ranges or otherwise, will be construed by the 
reader as minimum requirements only. While IEEE 
does not ban the use of the term “entry level,” its use is dis- 
couraged since, to some, it connotes an age rather than 
an experience designation. IEEE accepts employment ad- 
vertising to apprise its members of opportunities. Interest- 
ed parties should be aware that the political and humanis- 
tic values of certain advertisers may differ from their own. IEEE 
encourages employers to offer salaries that are com- 
petitive, but occasionally a salary may be offered that is 
significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 
whether extenuating circumstances apply. 


Dallas Denver 
214-553-9896 303-670-3749 


Atlanta 
404-256-3800 


Los Angeles 
310-649-3800 








ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 
The Swiss Federal Institute of Technology in Lausanne 
invites applications for the tenured position of 


PROFESSOR IN CIRCUITS AND SYSTEMS AT THE 
DEPARTMENT OF ELECTRICAL ENGINEERING 


The newly appointed professor will commit himself to teaching 
and research in this field and he will head the Chair of Circuits 
and Systems at the Department of Electrical Engineering. 


His research will be centered on the theory of circuits and 
systems, in particular on nonlinear circuits and systems, and 
on the applications of this theory to the whole field of electri- 
cal engineering, and more specifically to signal processing 
and communications. 


He will give basic and advanced courses in circuits and systems to 
students in electrical engineering and in communication systems 
engineering. He also will organize graduate courses in his field. 


Applications are sought from candidates with an extensive 
record of research in the field of circuits and systems and with 
a solid international reputation. They should be capable of col- 
laborating with other research groups within EPFL, or external 
to EPFL, such that the results of the theory can be brought to 
bear on practical applications. 


Female applicants are particularly welcome. 


Applications due: 31st July 1994 
Position available from: Summer 1995 or upon agreement 


The application form can be obtained at: Présidence de 
VEPFL, CE-Ecublens, 1015 Lausanne. 
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Research 


Senior Program Officer 
Program Officer 


The Computer Science and Telecommunications Board (CSTB) of 
the NATIONAL RESEARCH COUNCIL (NRC) is seeking a Senior 
Program Officer and a Program Officer to organize, plan, and 
manage projects; set and maintain schedules subject to budget 
constraints; establish and maintain liaison with designated 
researchers, policymakers, officers, institutions, sponsors to obtain 
input from program work; support committee and other program 
meetings by writing background papers; contribute to deliberations; 
provide followup preparations for future meetings; seek and obtain 
relevant written material; write summaries for program 
requirements; prepare and revise report drafts based on committee 
member, staff, and review feedback, including status reports, 
technical summaries, and interim/final project report; and develop 
proposals for future projects. Please note positions are neither MIS/ 
operational positions nor computer science research positions. 


Senior Program Officer position requires a MA/MS or equivalent in 
Computer Science, Computer Engineering, Telecommunications, 
Management, or Public Policy (with technical undergraduate 
degree) with at least 8 years experience in computer science, 
computer and telecommunications applications in industry and 
government. Program Officer position requires a MA/MS or 
equivalent in Computer Science, Computer Engineering, 
Telecommunications, Management, or Public Policy (with 
technical undergraduate degree) with at least 4 years experience 
in computer science, computer and telecommunications 
applications in industry and government. Requires more than a 
familiarity with PC technology: must be familiar with design and 
implementation issues associated with large and complex 
systems and with computer-related or 
telecommunications policy. Please send a N N p 
resume/cv, brief writing sample, and the names of 
three references in confidence to: NRC Ik NAE 
/CPSMA/CSTB, HA-560 (RH), 2101 Constitution '@ IOM 
Avenue, NW, Washington, DC 20418. EOE 
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(Continued from p. 14) 

Nonlinear Optics: Materials Funda- 
mentals & Applications Topical Meet- 
ing (LEOS); July 25-29; Hyatt Regency 
Waikaloa, Hawaii; S. Evans, IEEE/LEOS, 
445 Hoes Lane, Box 1331, Piscataway, NJ 
08855 908-562-3896; fax, 908-562-1571. 


First International Conference on 
Electronics and Information Techno- 








logy (COM); Aug. 3-5; Friendship Hotel, 
Beijing, Julian Chen, IBM Thomas J. Watson 
Research Center, Box 218, Yorktown Heights, 
NY 10598; 914-945-2935; fax, 914-945-2141. 


Third International Symposium on High 
Performance Distributed Computing (C); 
Aug. 3-5; Westin St. Francis Hotel, San Fran- 
cisco; Geoffrey C. Fox, NPAC Director, 
Room 3-228, 111 College Place, Syracuse, NY 
13244-4100; 315-443-4741; fax, 315-443-1973; 
e-mail, gcf@pac.syr.edu. 


Fourth Workshop on Computers in 
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WISH YOU COULD 
SWITCH PLACES? 


Engineers at QUALCOMM in San Diego develop some of today’s most advanced switching and 
network technologies, and they do it with a company that rewards achievement generously. 


Because QUALCOMM is one of America’s fastest-growing companies, you don't have to switch 
places with anyone there—room for new people is opening up every day. 


Driving this growth is QUALCOMM's rapid development of Code Division Multiple Access 
(CDMA) digital technology. Already adopted as a cellular standard, QUALCOMM's CDMA 
successfully meets the technical challenges posed by projects ranging from wireless local loop 
systems to global communications systems. 


Ready to make the big switch? Then contact us right now about any of the following 


opportunities: 
SOFTWARE ENGINEERS 


Real-Time Software: Participate in the complete software development cycle in our 
fast-paced commercial development environment. You must be able to contribute in a variety of 
original and challenging communications areas such as: real-time embedded communications 
software, cellular, Personal Communications Services (PCS) systems, satellite and telephony 
networking, data and voice protocols, and network management and control. Our programming 
environment is C and C++ on Intel and Motorola microprocessors, various DSPs, OS/2, and UNIX 
machines. 


Telecommunications Networks: Analyze and implement interfaces between digital 
wireless telecommunications systems and diverse telephone networks worldwide. Candidates 
should have at least five years of experience with one or more cellular switches, PSTN 
interfaces, and related standards. Knowledge of SS7, AIN, telecommunications call processing, 
and PSTN related measurement equipment are essential. 


Data Communications: Develop protocol stacks for data communications over digital 
cellular networks. Candidate should have five or more years of data communications experience 
and intimate knowledge of a variety of protocols (at least TCP/IP and HDLC) and their 
implementation. Experience with real-time or UNIX-based systems is also required. 


DSP Data Communications: Develop V series modem protocols on fixed point DSP 
platforms. Candidate should have at least three years of implementation experience with V.32 or 
V.32bis on a fixed point DSP platform, as well as good communication theory background. 


SYSTEMS ENGINEERS 


Senior Network Systems: Research, development, and specification of network 
interfaces between digital wireless telecommunication systems and PSTN/ISDN. Candidates 
must have an advanced degree in CS or EE, background in system development, and five years 
of experience with topics such as telephony, switching systems, broadband switching, ATM, 
SS7, and AIN. 


QUALCOMM offers competitive salaries and comprehensive benefits that begin on date of hire. 
Please send your resume in ASCII text via Internet to: jobs@qualcomm.com You may also mail 
or fax your resume (indicate dept. code on both cover letter and envelope) to: QUALCOMM, 
Human Resources, Dept. IEEE/SW, 6455 Lusk Blvd., San Diego, CA 92121, fax (619) 658-2110. 
QUALCOMM is an Equal Opportunity Employer. 


BANE @ Naar al 


NCORPORATED 











Power Electronics (PEL, Montreal Section, 
et al.); Aug. 7-10; University of Quebec, Trois- 
Riviéres, Canada; Adam Skorek, Department 
dIngénierie, UQTR. C.P. 500, Trois-Riviéres, 
PQ G9A 5H7, Canada; 819-376-5071, ext. 
3929; fax, 819-376-5152. 


International Symposium on Appli- 
cations of Ferroelectrics (UFFC); Aug. 
7-10; Conference Center, University Park, 
Pa.; Amar Bhalla, 253 MRL, Penn State 
University, University Park, PA 16802; 
814-865-9232. 


Intersociety Energy Conversion Engi- 
neering Conference—lIecec ’94 (ED); 
Aug. 7-12; Doubletree Hotel and Conference 
Center, Monterey, Calif; Robert C. Winn, 410 
Silver Springs Circle, Colorado Springs, CO 
80840; phone and fax, 719-548-1601. 


International Workshop on Memory 
Technology Design and Testing (C); 
Aug. 8-9; Hilton Hotel, San Jose, California; 
Rochit Rajsuman, Department of Computer 
Engineering and Science, 521 Crawford 
Hall, Case Western Reserve University, 
Cleveland, OH 44106; 216-368-5510; e-mail, 
rajsuman@alpha.ces.cwru.edu; fax, 216-368- 
2801. 


International Geoscience and Remote 
Sensing Symposium (GRS); Aug. 8-12; 
California Institute of Technology, Pasa- 
dena; Marguerite Schier, MS 183-501, Jet 
Propulsion Laboratory, 4800 Oak Grove Dr., 
Pasadena, CA 91109; 818-354-6492. 


Hot Interconnects Symposium—AHIS (C); 
Aug. 11-13; Hot Chips Symposium (C); 
Aug. 14-16; Stanford University, California; 
R. G. Stewart, Stewart Research Enterprises, 
1658 Belvoir Dr., Los Altos, CA 94024; 415- 
941-6699; fax, 415-941-5048. 


Magnetic Recording Conference— 
TMRC ’94 (MAG); Aug. 15-17; University 
of California, San Diego; Roger F. Hoyt, 
IBM Almaden Research Center, 650 Harry 
Rd., K01/803, San Jose, CA 95120-6099; 
408-927-2118; fax, 408-927-3204. 


Ninth International Symposium on 
Intelligent Control (CS); Aug. 16-18; 
Holiday Inn Crowne Plaza, Columbus, Ohio; 
Umit Ozguner, Department of Electrical 
Engineering, Ohio State University, 2015 
Neil Ave., Columbus, OH 43210; 614-292- 
5940; fax, 614-292-7596. 


Topical Workshop on Heterostructure 
Microelectronics (ED, MTT); Aug. 17-19; 
Teijin Fuji Conference Hall, Mount Fuji 
Resort Area, Japan; Dimitris Pavlidis, Univ- 
ersity of Michigan, EE&CS Department, 
1301 Beal Ave., Ann Arbor, MI 48109-2122; 
313-747-1778; fax, 313-747-1781. 


Regional Conference on Control Sys- 
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Engineer 
Senior Leading manu- 
facturer of 
° large power 
Design transformers 
. is seeking an 
Engineer engineering 
professional 
with a mini- 
mum of seven years experience 
designing shell form transformers 
rated through 500 KV and 1000 
MVA. The successful candidate 
must have a BSEE and a proven 
record of working effectively with 
customers during negotiations for 
both new transformers and repair 
business. The ability to contribute 
as a member of cross functional 


teams will be a key consideration 
in filling this position. 


We offer an attractive salary, com- 
mensurate with your experience 
and accomplishments, benefits, 
relocation allowance and growth 
opportunities with a global leader 
in the electrical utilities industry 
for the right individual. Qualified 
applicants, please send resume 
and salary history, for immediate 
consideration, to: 


ABB Power 
human fesouves” A ED ED 
Munole, IN 47907-0448 P AIDED 


We are an equal opportunity employer m/f/d/v 


ISSA/NSA 
POLY 


USE YOUR “TICKETS” 
FOR FASTER CAREER GROWTH 


Put our 27+ years experience plac- 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231-9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALLACH 


associates, inc. 


Technical and Executive Search 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 
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NEW ZEALAND 








Professorship in Electrical 
and Electronic Engineering 


Applications are invited for the position of Professor in the Department of Electrical 
and Electronic Engineering (Information Systems Engineering), one of three established 
Professorships in a department of 23 academic staff. The Department offers 
Bachelors, Masters and Doctoral degrees in Electrical and Electronic Engineering. 
The successful candidate will be committed to excellence in both teaching and 
research and should have an outstanding and continuing research record in one 
or more areas related to Computer Engineering and/or Information Systems 
Engineering. He/she will be required to provide focus and leadership over a broad 
range of research activities in related fields and will be expected to participate 
actively in a variety of courses and teaching activities within the Department's 
undergraduate programme. 

The salary for a Professor is within the range NZ$80,000 to NZ$100,000 per annum. 
Applications close on 29 July 1994. 

Further particulars and Conditions of Appointment may be obtained from the undersigned. 
Enquiries of an academic nature may be directed to: Associate Professor P T Gough, 
Email: hod@elec.canterbury.ac.nz 


Applications, quoting Position No. EE79, must be addressed to: 


Mr A.W. Hayward, Registrar, University of Canterbury, 
Private Bag 4800, Christchurch, New Zealand 


The University has a policy of equality of opportunity in employment. 








Université du Quebec 
a Montréal 


Department of Computer Science 


The Department of Computer Science of "Université du Québec a 

Montréal" has opened a tenure-track position in its microelectronics group. The 
university has one of the largest departments of Computer Science in Canada. 
Recent initiatives in the department include the establishment of a Master's 
degree in Information Systems and Software Engineering, the development of a 
PhD in Cognitive Computer Science, as well as the creation of a Bachelor's 
program in Microelectronics. 

Applicants should hold a PhD degree in Electrical Engineering, Computer 
Engineering or the equivalent. Candidates must have experience in the fields of 
microelectronics design and VLSI systems. Successful candidates are expected to 
be proficient in French and to contribute actively to research and teaching at all 
levels. In accordance with Canadian immigration requirements, priority will be 
given to Canadian citizens and permanent residents. 


SEND YOUR CURRICULUM VITAE AND THE NAMES OF THREE REFEREES BEFORE 
SEPTEMBER 15, 1994, TO: Dr. PHILIPPE GABRINI, CHAIRMAN, COMPUTER SCIENCE 
DeparTMENT, UQAM, P.O. BOX 8888, DOWNTOWN STATION, MONTREAL, QUEBEC, 
CANADA H3C 3P8. TEL: (514) 987-3239 Fax: (514) 987-8477 
E-MAIL: GABRINI PHILIPPE @ UQAM.CA 


ay Université du Québec a Montréal 
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Calendar 


tems (CS); Aug. 19-20; Rutgers University, 
Piscataway, N.J.; Zoran Gajic, E&CE De- 
partment, Rutgers University, Piscataway, 
NJ 08855-0909; 908-932-3415; fax, 908-932- 
2820. 





First International Particle Techno- 
logy Forum (IM); Aug. 17-19; Denver 
Marriott, Colorado; Denise DeLuca, Amer- 
ican Institute of Chemical Engineers, 345 E. 
A7th St., New York, NY 10017; 212-705- 
7344; fax, 212-752-3297. 


International Conference on Applic- 
ation Specific Array Processors— 
ASAP ’94 (C); Aug. 22-24; Fairmont Hotel, 
San Francisco; Earl E. Swartzlander Jr., 
Department of Electrical and Computer 
Engineering, University of Texas, Austin, 
TX 78712-1084; 512-471-5923; e-mail, 
e.swartzlander@compmail. com; fax, 512- 
471-5907. 


International Conference on Millime- 
ter-wave and Far-Infrared Science and 
Technology (ED); Aug. 22-26; Xigiao Hills 
Hotel, Guangzhou, China; Gail Tucker, 
Georgia Institute of Technology, GTRI/CS, 
Atlanta, GA 30332; 404-894-3500; fax, 404- 
894-5875. 





International Symposium on EM Com- 
patibility (EMC, Chicago Section); Aug. 
22-26; Palmer Hotel, Chicago; H.. Hofmann, 
1210 Lawn Meadow Lane, Naperville, IL 
60540; 708-979-3627; fax, 708-979-5755. 


Tencon ’94 (Region 10, Singapore Section, 
C); Aug. 22-26; Raffles City Convention 
Centre, Westin Hotels, Singapore; Jonnovan 
Hong, (65) 773 1141; fax, (65) 773 1142; e- 
mail, ieeesgp@solomon.technet.sg. 


International Conference on Solid- 
State Devices and Materials—SSDM 
’94 (ED, Tokyo Section); Aug. 23-26; Paci- 
fic Convention Plaza, Yokohama, Japan; 
SSDM ’94, c/o Business Center for Acad- 
emic Societies Japan, Honkomagome 5-16- 
9, Bunkyo-ku 113, Japan; (81+3) 5814 5800; 
fax, (81+3) 5814 5823. 


International Conference on Control and 
Applications (CS); Aug. 24-26; Strathclyde 
Graduate Business School, Glasgow, Scot- 
land; Michael J. Grimble, Industrial Control 
Centre, Strathclyde University, Graham Hills 
Building, 50 George St., Glasgow GI 1QE, 
Scotland; (44+41) 552 4400, ext. 2378. 


Conference on Lasers and Electro- 
Optics Europe and the Fifth European 
Quantum Electronics Convention— 








CLEO Europe/EQEC (LEO); Aug. 28-Sept. 
2; RAI Congress Centre, Amsterdam, the 
Netherlands; Susan Evans, IEEE/LEOS, 445 
Hoes Lane, Box 1331, Piscataway, NJ 08855- 
1331; 908-562-3896; fax, 908-562-1571. 


Vehicle Navigation and Information 
Systems Conference (VT, Tokyo Section); 
Aug. 31-Sept. 2; Pacific Convention Plaza, 
Yokohama, Japan; VNIS ’94 Secretariat, Ren 
Associates Inc., 2-12-14 Hamamatsucho, 
Minato-ku, Tokyo 105, Japan; (81+3) 3433 
2543; fax, (81+3) 3433 3904. 


SYS FT 


International Conference on Micro- 
electronics (ED); Sept. 5-7; Sheraton 
Hotel, Istanbul, Turkey; M.I. Elmasry, ECE 
Department, University of Waterloo, Water- 
loo, ON N2L 3G1, Canada; 519-885-1211, ext. 
3753; fax, 519-746-5195. 


20th Conference of IEEE Industrial 
Electronics (IE); Sept. 5-9; University of 
Bologna, Italy; A.Tonielli, Department of El- 
ectronics and Computer System Sciences, 
Bologna University, Viale Risorgimento 2, 
40136 Bologna, Italy; (39+51) 644 3024; fax, 
(39+51) 644 3073. 


Workshop on Neural Networks for 





KINGDOM OF SAUDI ARABIA 
JUNIOR COLLEGES OF TECHNOLOGY 


Faculty positions Available For Sept.. 1994 in the following colleges: 
ABHA-AL-HASA-BURIDAH-DAMMAM-JEDDAH-RIYADH 


Faculty positions, one year renewable contract, single or family 


status, in the following departments: 


Electronic (industrial electronics/automatic control/computer engineering/ 


computer science). 


Electrical (power systems/machines & power electronics). 


Duties: 


writing materials. 


Teaching theoretical and practical undergraduate courses. 
Additional responsibilities include curriculum development and 


applications 


ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


The Swiss Federal Institute of Technology in Lausanne 
invites applications for the tenured position of 


PROFESSOR IN TECHNICAL COMPUTER 
SCIENCE IN THE COMPUTER SCIENCE 


DEPARTMENT 


The professor will have the mission to develop teaching and 
research activities in the following areas: 

¢ design of hard-and software architecture of industrial systems 
* interfaces and dialog procedures between processors and 


¢ industrial local area networks 
* development of distributed industrial software. 





Qualifications: Ph.D or M.Sc required relevant to the position; experience 
desirable 


Language: Applicants must be fluent in Arabic as this is the language of 
instruction. 


Salary & Benefits: Competitive salary, annual repatriation air tickets (four 
tickets for member & his dependents), 45 days leave 
each summer, free medical care under the Kingdom 
Health Service. Housing available, or housing 
allowance, and transport allowance. 


Contact: Send a complete resume to: 
Dean - Junior College of Technology 
P.O. Box 7650, Dammam 31472, 
Saudi Arabia, 
Fax: 966-3-891 -9776 or 966-3-891-7970 
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Besides competence in these areas, the EPFL expects the 
new professor to have large practical experience in software 
development, an open mind, confirmed pedagogical talents 
and excellent ability for personal research. 


Candidates must have internationally recognized academic 
and industrial results. 


To promote the careers of women, EPFL especially encour- 
ages women to apply. 


Deadline for application: 31st July 1994 
The successful candidate will enter into service: 
Summer 1995 or upon agreement 


Interested applicants can obtain more information by writing 
to: Présidence de l’EPFL, CE-Ecublens, 1015 Lausanne. 
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In every high-tech enterprise there's 
a group that drives the technical 
growth strategies for the company. 
At Tektronix, it's Tek Labs. Come to 
work here and you'll not only be 
responsible for new products, 
you'll find yourself integrated 
into the business division, 

developing ideas that are 

applicable to the marketplace - 
today. What’s required is a 
self-starter’s attitude, along with a high degree of responsibility 
and technical leadership. You'll need to take charge, 
sell your new concepts, and interface with experts from other 
companies, thereby leveraging the braintrust Tektronix brings to 
every project. Sound good? We thought so. 


Hardware Design Engineers 

Several openings exist in the areas of expertise listed. Projects 
include development of a 10Gb/s SONET communications 
interface/add-drop multiplexer, and a high throughput ATM 
switch for use in digital video and gigabit networking 
applications. As part of a team, you will provide technical 
leadership in the definition, design, fabrication and testing of 
hybrid circuit and board-level subsystems. Requires an MSEE, 
or equivalent, and at least 3+ years’ industry experience in the 
design and integration of high speed digital and GHz electronic 
systems. Expertise in two or more of the following is 
needed: high speed digital and/or analog circuit design and 
implementation, high speed interconnects, multichip modules, 
and board design, implementation, test and characterization. 
Familiarity with SONET and ATM technologies is a plus. 
Dept. SO701-HDE/YA 


Sr. Hardware Design Engineer 

Provide expertise in microwave design and materials, high 
density electrical and optical packaging, and advanced 
interconnects. In addition, you will act as a resource in 
electrical, mechanical, and thermal engineering of hybrids, 
MCM, board, and system integration of gigahertz 
communication systems and prototypes. Requires an MS or 
PhD in EE or Physics, or equivalent, and at least 4+ years’ 
experience in microwave components and packaging 
techniques. Proven performance in design, development and 
evaluation of packaging for miniaturized microwave components 
and systems and experience in multichip hybrid packaging 
approaches and high performance interconnect technologies. 
Requires familiarity with optical packaging issues and 
techniques and a working knowledge of chip attach, bonding 
techniques and metallurgy. Dept. SO701-SHDE/YA 


Sr. Project Engineers 

Openings exist for Project Leaders to architect and 
implement advanced SONET and ATM multiplexing and 
switching systems for use in digital video and gigabit 
networking applications. Responsibilities include system 
definition and architecture, implementation, system integration 
and testing. In addition, you will collaborate with technology 
leaders in government, national laboratories, industry, and 





Tektronix 
fs 


universities to prototype new product and service concepts 
related to high speed information/video creation, transport, 
distribution, presentation, performance testing and monitoring. 
Requires a PhD in EE, CEE, or equivalent, and at least 4+ years’ 
experience in computer, datacom, or telecom industries. 
Expertise in network architectures, local and/or wide area 
networks and data communications, including underlying theory 
as well as practical hardware and software implementation 
aspects, and/or gigabit/sec communications transport and 
switching. Experience with high speed digital circuit design a 
plus. Requires familiarity with SONET, ATM and other LAN 
technologies, excellent systems design capability, and the ability 
to identify potential products and applications. 
Dept. S0701/SPE-YA 


Software/Hardware System Engineer 

Integrate gigabit/s SONET and ATM communication systems 
for use in digital video networking applications. You will 
provide senior-level expertise in specifying system architecture 
and in the definition, design and implementation of 
microprocessor-based controllers for network interfaces and 
ATM switching systems. Requires an MS in CS, CEE, EE, or 
equivalent, and at least 3+ years’ industry experience in 
computer systems. Expertise in microcontroller design is 
needed, familiarity with SONET and ATM technologies a plus. 
Dept. SO701/SHSE-YA 


VLSI Design Engineers 

Design digital ASICs for high speed SONET/ATM multiplexing 
and switching systems, and network interfaces. Responsibilities 
include logic design, verification, circuit and physical design, 
test and characterization and participation in system architecture 
definition. Requires an MS in EE, CS, CEE, or equivalent, and at 
least 2+ years’ industry experience in custom CMOS circuit 
design. CAD tool expertise and a working knowledge of 
principles of telecommunications and data communications/ 
LAN a must, familiarity with Cadence tools and experience in 
ATM or SONET technologies a plus. Dept.S0701/VDE-YA 


If impacting the corporate structure - and the marketplace - 
is what you're after, not to mention working on a wide variety of 
challenging projects in a friendly, livable environment, look into 
Tektronix. What you start here, you get the opportunity to finish. 
For immediate consideration, please send your resume to: 
Professional Staffing MS 55-545, Tektronix, Inc., P.O. 
Box 500, Dept. (please indicate the department 
number of the position you are applying for), 
Beaverton, OR 97077, fax (503) 627-2405. Or, you 
may respond through our Internet address: 
George.B.Stelly@Tek.com All resumes are electronically 
scanned, processed and distributed. A letter quality resume is 
required for this process. We support a drug-free work 
environment and all employment offers are contingent upon 
successful completion of our pre- 
employment drug test. Tektronix is 
an equal opportunity/affirmative 
action employer and encourages 
diversity in the workplace. 








































































Calendar 


Signal Processing (NN, SP); Sept. 6-8; 
Porto Hydra Resort Hotel, Ermioni, Greece; 
Jeng-Neng Hwang, EE Department, FT-10, 
University of Washington, Seattle, WA 
98195; 206-685-1603; fax, 206-543-3842. 





Marine Technology Society Conference 
and Exposition (OE); Sept. 7-9; Con- 
vention Center, Washington, D.C.; Beth 
Cain, J. Spargo & Associates, 4400 Fair 
Lakes Court, Fairfax, VA 22033; 703-631- 
6200; fax, 703-818-9177. 








International Electronic Manufact- 
uring Technology Symposium (CPMT); 
Sept. 11-14; Hyatt Regency Hotel, La Jolla, 
Calif.; Michael P. Cassidy, AT&T Micro- 
electronics Power Systems, 300 Skyline Dr., 
Mesquite, TX 75149; 214-284-2100; fax, 214- 
284-8182. 


European Solid-State Device Research 
Conference (ED); Sept. 11-15; Heriot-Watt 
University, Edinburgh, Scotland; Jackie 
Butler, Institute of Physics, 47 Belgrave 
Square, London SWIX 8QX, England; 
(44+71) 235 6111; fax, (44+71) 259 6002. 





RESEARCH STAFF MEMBER 


ELECTRONIC 
COMPONENT 
MANUFACTURING 


The Institute for Defense Analyses 
(IDA) offers challenging career posi- 
tions in its Computer and Software 
Engineering Division to individuals 
with experience in integrated circuit 
and electronic component manufac- 
turing. As a Federally Funded 
Research and Development Center, 
IDA addresses a wide range of com- 
plex national security issues for the 
Office of the Secretary of Defense, 
the Joint Chiefs of Staff, Defense 
agencies, and other federal sponsors. 
As military electronics increasingly 
adopts the use of commercial tech- 
niques, components, and manufac- 
turing processes, it is important for 
the Department of Defense (DoD) to 
update its procedures for procuring 
electronic components so as to make 
the best use of off-the-shelf com- 
mercial components. IDA assists 
DoD in planning and technology 
assessment in this area and is seek- 
ing senior-level individuals with 
skills and interests in the following 
areas: 
¢ Design, development, and manu- 
facturing of ICs and electronic 
components 
* Quality control of commercial and 
military electronic components 
¢ Fabrication of circuits for extreme 
environments 
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¢ Project management and the DoD 
acquisition process 

¢ Information systems for design 
and manufacturing 


Practical experience in manufactur- 
ing and testing integrated circuits 
and other electronic components is 
highly desirable. 


IDA offers excellent opportunities 
for professional development in 

a superior environment. You can 
expect a competitive salary, excel- 
lent benefits, and the chance to con- 
tribute substantively to the solution 
of urgent and critical problems fac- 
ing our nation. If this kind of future 
appeals to you, we urge you to 
investigate a career with IDA. 
Please forward your resume to: 


Mr. Thomas J. Shirhall 

Manager of Professional Staffing 
Institute for Defense Analyses 
1801 N. Beauregard Street 
Alexandria, VA 22311 


An equal opportunity employer, 
m/f. U.S. citizenship is required. 























Petroleum and Chemical Industry 
Technical Conference—PCIC ’94 (IA); 
Sept. 12-14; Hyatt Regency Hotel, Van- 
couver, B.C.; S.W. Hagemoen, Universal 
Dynamics, 900-1441 Creekside Dr., Van- 
couver, BC V6J-4V3, Canada; 604-736-3381. 


2nd Workshop on Speech Synthesis 
(SP); Sept. 12-15; Mohonk Mountain Lodge, 
New Paltz, N.Y.; R.Sproat, AT&T Bell Labs, 
Room 2D-451, 600 Mountain Ave., Murray 
Hill, NJ 07974; 908-582-5296; fax, 908-582- 
7308; e-mail, rws@research.att.com. 


International Conference on Intel- 
ligent Robots and Systems—IROS ’94 
(IE, RA); Sept. 12-16; Universitat der Bun- 
deswehr Munchen, Neubiberg, Germany; 
Volker Graefe, UniBwM, 8014 Neubiberg, 
Germany; (49+89) 6004 3590/3587; fax, 
(49+89) 6004 3074. 


Oceans ’94 (OE); Sept. 13-16; Parc Pen- 
feld, Brest, France; Ginette Bonami, SEE, 
48 rue de la Procession, F-75724 Paris, 
Cedex 15, France; (33+1) 44 49 60 60; fax, 
(33+1) 44 49 60 44. 


Seventh European Signal Processing 
Conference—Eusipco ’94 (SP); Sept. 
13-16; University of Edinburgh, Scotland; 
Colin F.N. Cowan, Eusipco 94 Secretariat, 
Department of Electronic and Electrical 
Engineering, University of Technology, 
Loughborough, Leics. LE11 3TU, Britain; 
(44+509) 223 468; fax, (44+508) 222 830. 


International Broadcasting Conven- 
tion—IBC ’94 (BT, Region 8, et al.); Sept. 
16-20; RAI Congress Centre, Amsterdam, 
the Netherlands; IBC Secretariat, c/o IEE, 
Savoy Place, London WC2R OBL, England; 
(44+71) 240 3839; fax, (44+71) 497 3633. 


International Symposium on Compound 
Semiconductors (ED, LEO); Sept. 18-22; 
Del Coronado Hotel, San Diego, Calif; James 
Harbison, Bellcore, 331 Newman Springs Rd., 
Room 3X-211, Red Bank, NJ 07701; 908-758- 
3386; fax, 908-758-4372. 


International Symposium on Ultra 
Clean Processing of Silicon Surfaces 
(ED); Sept. 19-21; Johns Hospital, Bruges, 
Belgium; Marc Heyns, IMEC, Kapeldreff 75, 
B-3001 Leuven, Belgium; (32+16) 28 12 48; 
fax, (32+16) 28 12 14. 


Application Specific ICs Conference & 
Exhibit (C, Rochester Section); Sept. 19-23; 
Rochester Riverside Convention Center, 
New York; L. M. Engelbrecht, Rochester 
Engineering Society, 1806 Lyell Ave., 
Rochester, NY 14606; 716-254-2350; fax, 
716-254-2237. 


14th International Semiconductor Laser 
Conference (LEO); Sept. 19-23; Hyatt Re- 
gency Maui, Hawaii; S. Phillips, IEEE/LEOS, 
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* —— TOWARD NEW HORIZONS 


Air Force Materiel Command (AFMC) invites applications from leading scientists and engineers interested in 
exploiting revolutionary technologies and guiding the in-house research activities of the Air Force laboratories in 
several technology areas. These individuals will constitute the creative force for new military technology--the 
core of Air Force warfighting superiority in the 21st century. 


Senior Scientist, Software Engineering (ST 94-R-3) - Leads and performs research in software engineering areas such as software support 
environments, software metrics, software engineering for high performance computing, and integration of algorithmic and knowledge-based systems. 
Location: Rome Laboratory, Griffiss Air Force Base, Rome, New York. 


Senior Scientist, Photonics (ST 94-R-2) - Leads and performs research in photonics, including high throughput photonic signal processors, high 
speed photonic interconnects, photonically fed phased array antennas and the application of photonic techniques to related disciplines. 
Location: Rome Laboratory, Griffiss Air Force Base, Rome, New York. 


Senior Scientist, Nonlinear Optics (ST 94-P-2) - Leads and performs research in nonlinear optics areas, such as nonlinear optical image 
compensation and processing, laser device coupling, and high energy laser beam control. 
Location: Phillips Laboratory, Kirtland Air Force Base, Albuquerque, New Mexico. 


Senior Scientist, Man-Machine Interface Integration (ST 94-A-2) - Leads and performs research in optical-visual interface topics, including 
head-mounted displays, display image quality, aircraft transparency optical/visual quality, and night vision device applications. 
Location: Armstrong Laboratory, Wright-Patterson Air Force Base, Dayton, Ohio. 


Senior Scientist, Heterostructure Based Devices (ST 94-W-7) - Leads and performs research in electron devices, including semiconductor 
epitaxial growth processes, device fabrication techniques, semiconductor band theory and device design and modeling. 
Location: Wright Laboratory, Wright-Patterson Air Force Base, Dayton, Ohio. 


Senior Scientist, Radiation Hardened Electronics (ST 94-P-4) - Leads and performs research in the space and missile electronics 
technology areas of radiation hardening, space system electronics design, space environments, and component hardening, fabrication, and testing. 
Location: Phillips Laboratory, Kirtland Air Force Base, Albuquerque, New Mexico. 


Senior Scientist, High Power Microwaves (ST 94-P-1) - Leads and performs research in high power microwave weapons and related 
concepts, with particular emphasis on radio frequency sources and pulse power. 
Location: Phillips Laboratory, Kirtland Air Force Base, Albuquerque, New Mexico. 


Senior Scientist, Radiofrequency Radiation (ST 94-A-3) - Leads and performs research in the interaction of electromagnetic energy with 
biological systems. Location: Armstrong Laboratory, Brooks Air Force Base, San Antonio, Texas. 


Chief Scientist, Reliability Sciences (ST 94-R-1) - Serves as the AF scientific and technical authority for exploratory, advanced, and 
engineering development in the fields of reliability, maintainability, diagnostics, testability, and electromagnetics for microelectronics, electronic 
equipment and electronic systems. Location: Rome Laboratory, Griffiss Air Force Base, Rome, New York. 


QUALIFICATIONS: Candidates for these positions should demonstrate contributions and professional standing as 
evidenced by citations, patents, publications, honors and leadership activity in their field; originality and creativity in the 
resolution of scientific problems; and significant academic achievement--normally, a doctorate degree. 


Salary range is $82,401 - $120,062 


APPLICATION INFORMATION: Call the AFMC Senior Civilian Management Office at (513) 257-1094 or DSN 787-1094 for a copy of 
the pertinent announcement describing specific qualification requirements and application procedures. Please request the specific 
announcement number(s), e.g., ST 94-R-3, when you call. 


Applications must be postmarked by August 15, 1994 


DEPARTMENT OF THE AIR FORCE 
AN EQUAL OPPORTUNITY EMPLOYER 
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THE UNIVERSITY 
OF HONG KONG| 


Chair of Electrical 
Engineering 
(Ref. 93/94-63) 


Applications are invited for the Chair of Electrical 
Engineering in the Department of Electrical and 
Electronic Engineering, following the retirement of 
Professor W.S. Leung. Appointment will normally be 
made on a three-year fixed term contract, tenable 
from September 1995, but consideration may also be 
given to appointment on superannuable terms. 


Applicants should have distinguished achievements 
in research in the field of electrical engineering and a 
record of success in attracting sponsored research, 
promoting international research cooperation, and 
developing university-industry collaboration. A strong 
commitment to excellence in teaching, research and 
professional service is essential. Applicants must 
hold a doctorate degree in electrical engineering and 
possess professional qualifications equivalent to 
fellowships of internationally recognized professional 
institutions. 


The appointee will be expected to provide academic 
leadership for the teaching programmes and 
academic activities in the area of Electrical Energy 
Systems and, to a lesser extent, contribute to inter- 
departmental programmes activities in Industrial 
Automation. 


The University reserves the right not to fill the Chair 
or to fill the Chair by invitation or to make an 
appointment at a lower level. 


Annual salary [non-superannuable but attracting 
15% (taxable) terminal gratuity] will be within the 
professorial range, of which the minimum is 
HK$836,580 and the average is HK$1,034,760 (approx. 
US$108,647 & US$134,384 respectively; US Dollar 
equivalents as at 26 April 1994), with starting salary 
depending on qualifications and experience. 


At current rates salaries tax will not exceed 15% of 
gross income. Housing at a charge of 7.5% of salary, 
children’s education allowances, leave, and medical 
benefits are provided. 


Further particulars and application forms may 
be obtained from the Appointments Unit, Registry, 
The University of Hong Kong, Hong Kong (fax: (852) 
559 2058; E-mail: APPTUNIT@HKUVM1.HKU.HK). 
Particulars are also available on the University’s 


listserv accessed by E-mail as 
“listserv@hkuvm1.hku.hk” (specify “get apptment 
filelist” for list of vacant posts, and “help” for details 
of listserv commands). Closes 12 August 1994. 








Calendar 


445 Hoes Lane, Box 1331, Piscataway, NJ 08855-1331;908-562-3894; 
fax, 908-562-1571. 





Autotestcon ’94 (AES, IM, et al.); Sept. 20-22; Disneyland Hotel, 
Anaheim, Calif.; Robert Rassa, ManTech International, 150 S. Los 
Robles Ave., Suite 350, Pasadena, CA 91101; 818-577-7100; fax, 818- 
577-7102. 


International Conference on Harmonics in Power Systems— 
ICHPS VI (PE); Sept. 21-23; University of Bologna, Italy; Gian Carlo 
Montanari, Instituto de Elettrotecnia Industriale, University of 
Bologna, Viale Risorgimento 2, 40136 Bologna, Italy; (39+51) 644 3471; 
fax, (89+51) 644 3470. 


Canadian Conference on Electrical and Computer 
Engineering (Region 7); Sept. 25-28; World Trade and Convention 
Centre, Halifax, N.S.; C. R. Baird, Department of Electrical 
Engineering, Technical University of Nova Scotia, Box 1000, Halifax, 
NS, B3J 2X4, Canada; 902-420-7717; fax, 902-422-7535. 


Visual Communications and Image Processing Conference— 
VCIP ’94. (CAS); Sept. 25-28; Bismarck Hotel, Chicago; Society of 
Photo-Optical Instrumentation Engineers (SPIE), Box 10, Bellingham, 
WA 98227-0010; 206-676-3290; fax, 206-647-1445. 


Second Workshop on Interactive Voice Technology for 
Telecommunications Applications (COM); Sept. 26-27; Sumi- 
tomo Hall, Kyoto, Japan; Sadaoki Furui, NIT Human Interface 
Laboratories, 3-9-11 Midori-cho, Musashino-shi, Tokyo 180, Japan; 
(81+422) 59 3910; fax, (81+422) 60 7808. 


International Workshop on Advanced Teleservices and 
High-Speed Commu-nication Architectures—Iwaca (C, IE); 
Sept. 26-28; IBM European Networking Center, Heidelberg, 
Germany; Alfred C. Weaver, Department of Computer Science, 
Thornton Hall, University of Virginia, Charlottesville, VA 22903; 
804-982-2201; fax, 804-982-2214. 


16th Electrical Overstress/Electrostatic Discharge Sym- 
posium—EOS/ESD (CPMT); Sept. 27-29; Riviera Hotel, Las 
Vegas, Nev.; ESD Association, 200 Liberty Plaza, Rome, NY 13440; 
315-339-6937. 


Wescon ’94 (Region 6 et al.); Sept. 27-29; Anaheim Convention 
Center, California; Electronic Conventions Management, 8110 Airport 
Blvd., Los Angeles, CA 90045-3194; 800-877-2668; fax, 310-641-5117. 


International Professional Communi-cation Conference— 
IPCC ’94 (PC); Sept. 28-30; Banff Centre, Alta., Canada; Pamela 
R. Kostur, SaskTel, 3-2121 Saskatchewan Dr., Regina, SK S4P 3Y2, 
Canada; 306-777-2894. 


a) 


Sixth Digital Signal Processing Workshop (SP); Oct. 2-4; 
Yosemite Lodge, Yosemite National Park, Calif; Mark J.T. Smith, 
School of Electrical Engineering, Georgia Institute of Technology, 
Atlanta, GA 30332-0250; 404-894-6291; fax, 404-894-8363; e-mail, 
mjts@eedsp.gatech.edu. 


International Conference on Systems, Man, and 
Cybernetics (SMC); Oct. 2-5; Gonzalez Convention Center, San 
Antonio, Texas; Frank DiCesare, Rensselaer Polytechnic Institute, 
Troy, NY 12180-3590; 518-276-6440; fax, 518-276-6261; e-mail, 
dicesare@ecse.rpi.edu. 
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PROGRAM DIRECTOR = 
INDUSTRY, -TELECOMMUNICATIONS, AND COMMERCE 


The Office of Technology Assessment, a science and technology policy sup- 
port agency of the U.S. Congress, has opened a search to fill the position of 
Program Director for the Agency’s Industry, Telecommunications, and Com- 
merce Program (ITC) to be created in the fall of 1994. The ITC Program will 
assume many of the responsibilities of the current agency programs in Tele- 
communications and Computing Technologies and in Industry, Technology 
and Employment. The Program Director is a member of OTAs senior man- 
agement, responsible for developing both staff and policy directions for studies 
on technology and international industrial competitiveness, telecommunica- 
tions and computing technologies, the national information infrastructure, 
international trade, industry productivity, and related topics. All studies will 
reflect the Agency’s statutory mission, which is to analyze the implications of 
the application of technology, at the request of Committees of the Congress. 

The ITC Program Director will be one of the Agency’s six program direc- 
tors, and will report directly to the Assistant Director for Industry, Commerce, 
and International Security. The position responsibilities include manage- 
ment of approximately 30 highly-skilled policy researchers, which will require 
a strong ability to lead, build, support, and direct staff as well as proven 
ability to exercise quality control in research, critical analysis, synthesis, and 
delivery of polished final products for delivery to the Congress and the pub- 
lic. Experience in public policy and acquaintance with the legislative envi- 
ronment are also essential. 

Applicants must have an advanced degree or equivalent experience in a 
relevant technical or policy area, research and management experience in a 
relevant field, good interpersonal skills, no pre-determined legislative or policy 
agenda, and a high energy level. Submit curriculum vitae, list of references, 
and a letter indicating strengths by July 15, 1994 to: 


Mr. William J. Norris 

ITC Program Director Position 
Office of Technology Assessment 
United States Congress 
Washington, D.C. 20510-8025 
FAX: 202-228-6098 

INTERNET: WNORRIS@OTA.GOV 









Equal Opportunity Employer 


U.S. Gemini 
Project Office 





PROCESS ENGINEERS 


Quartz Cutting Technology 


Motorola Components Products Division, a world leader in 
the manufacture and marketing of high-quality electronic 
components and systems, has excellent opportunities for 
engineering professionals at our facilities in Schaumburg. 


You will develop the next generation of processes for crystal 
manufacturing. Assuring proper function of automated quartz 
cutting and shaping machines in our high-speed operation 
is a key responsibility. 


An MSME or equivalent, at least 5 to 6 years of related ex- 
perience, and a solid background in machining required. Op- 
tical industry experience and familiarity with finite element 
analysis would be a plus. 


Motorola offers an outstanding compensation and benefits 
package including profit sharing along with exceptional 
potential for professional growth. For consideration, send 
your resume and salary requirements to: MOTOROLA 
Components Products Division, Staffing Department, 
Linda Jordan, 1301 E. Algonquin Rd., Schaumburg, IL 
60196. An Equal Opportunity/Affirmative Action Employer. 
We welcome and encourage diversity in our workforce. 


(MA) MOTOROLA 


Components Products Division 


em ee od 





PROJECT 
ENGINEER 


The Gemini Project is an interna- 
tional collaboration whose team is 
designing and constructing two new 
generation telescopes in Hawaii and 
Chile. An experienced engineer is 
needed to assist the U.S. Project 
Office in Tucson, Arizona in the 
preparation of instrumentation 
specifications, design reviews, in- 
strumentation procurement, and 
contract monitoring. The successful 
candidate will have a strong sys- 
tems engineering background with 
a minimum of ten years engineer- 
ing experience, including at least 
three years as asystems engineer. A 
Master's degree in Electrical Engi- 
neering, Physics or a related field is 
desired. Project management expe- 
rience is a plus. Please send resume 
to Ms. Revell Rayne, Human Re- 
sources Manager, P.O. Box 26732, 
Tucson, AZ 85726. We are an EO/ 
AA employer. 
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Software Design Engineer 


At HP-EEsof located in Westlake Village, California, we’ve brought together cre- 
ative, motivated professionals to blend expertise, technologies and products. As 
we continually redefine the future of high-frequency design software products to 
meet the CAE needs of our customers, we are seeking a Software Design Engt 
neer to develop nonlinear simulation models and model libraries representing 
RF and microwave transistors. 


In this role, you will develop, validate and document active semiconductor device 
models as well as implement models in HP-EEsof simulators and model extrac- 
tion products. In addition, you will be involved with planning, specification devel 
opment, documentation, test and release of model library products and the provi 
sion of custom model extraction services. Requires an MSEE, or equivalent, and 
at least 2 years’ experience in active semiconductor device modeling and 
RF/microwave active circuit design. Proficiency in microwave S-parameter mea- 
surement techniques and C desired. 


Hewlett-Packard Company offers competitive compensation and benefits. For 
immediate consideration, please send your resume to: Hewlett-Packard 
Employment Response Center, Attn: Ad #0595, 3000 Hanover Street, 
MS 20AZ, Palo Alto, CA 94304-1181. Hewlett-Packard Company is an 
equal opportunity employer dedicated to affirmative action and work force diversity. 
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lt Takes Big Thinking To Make A Small World. 


The expanses of our planet are vast. But the 
creative power of the human mind is infinite. 
At Motorola, we believe mastery of the frontiers 
of communication begins in the realm of 
imagination. 


For those who share our way of thinking, 
the possibilities for discovery, growth and 
advancement are unlimited. In far-reaching 
opportunities on such challenge-charged 
projects as the IRIDIUM® global personal 
communications system and other advanced 
electronic systems and equipment for the 
DoD, NASA and other government agencies, 
commercial users and international customers. 


If you’re ready to see where your imagination 
can take you, take a look at the opportunities 
with our Government and Systems Technology 
Group in Phoenix. Appropriate technical 
degree and minimum 5-10 years related 
experience desired for the following openings: 


Principle Staff Engineer 
Network communications and systems 
engineering 

Principle Software Engineer 


GOSIP protocols, TCP/IP, X.25 and security 
protocols. COMSEC secret clearance 
essential 


Software/Computer Engineer 
C/C++; Macintosh, UNIX or PC platforms 


Sr. UNIX Systems/ 
Software Engineer 


SUN OS, TCI/IP, SNMP, OSI, NFS/NIS, Shell 
Scripts, C, UNIX, RS/6000 and Motorola 


Software Engineers 

C/C++, Ada, assembly, UNIX, software 
architecture, DoD-STD-2167A, Visual C++ 
and HMI. 

Design Engineer 

COMDISCO, SPW/HDS, VHDL, SYNPOSYS 
synthesis and test compiler 

DSP System Engineer 

Focus on RF cellular within test equipment 
including DSP tools, programming and 
components 

Staff Engineer 

Analog, GSM, TDMA and CDMA. 


Staff Engineers 


COMSEC/INFOSEC systems. Multiple 
positions in embedded microprocessors and 
operating systems. 


SATELLITE 
COMMUNICATIONS 
OPPORTUNITIES 


Principle Software Engineers 


Large scale object oriented software design 
from analysis through delivery 


Integration and Test 
Systems Engineers 


Telephony or communication system design, 
analysis, test and integration 


Gateway Integration and 

Test Engineers 

Integration/test of GSM cellular switching, 
base station equipment, and/or Seimens 
EWSD switching 


MOTOROLA 
Government and Systems Technology Group 


Software Process Engineer 
Experience managing software subcontracts 
and knowledge of SEI Capability Maturity 
Model 


Software IV & V Engineers 


Call processing, switching or network 
architecture. 


Process Automation Engineer 
CASE and software test tools 


Network Data Services Engineers 


Data services to end-users including paging 
and facsimile 


Network Reliability Engineer 


Call processing systems, reliability standards/ 
procedures and partitioning methods 


When you join Motorola GSTG, you'll be 
building a strong foundation for your future. In 
addition to professional challenges, we offer 
an excellent compensation/benefits package. 
For consideration, send your resume to: 
Motorola Government and Systems 
Technology Group, 8201 E. McDowell Rd., 
Dept. INSP0794, Scottsdale, AZ 85252. 
FAX (602) 441-4753. An Equal Opportunity/ 
Affirmative Action Employer. Minorities, 
Women and Disabled Persons are especially 
encouraged to apply. 


IRIDIUM is a registered trademark 
and servicemark of Iridium, Inc. 


The highest standards. 
The strongest commitment. 





Multimedia audio for less 


Market forces and low-cost technology be- 
tween them have forced the multimedia 
market to adopt a multi-tiered standard for 
audio. Early multimedia enthusiasts assumed 
that all sound would be stored in the MIDI 
format. Cards and hardware for this Musical 
Instrument Device Interface, which is uni- 
versally used by musicians and audiophiles, 
are technically superior to other formats for 
generating quality sound, but the cards and 
sound-generating devices are expensive. 

Enter Microsoft’s Windows Sound Sys- 
tem, whose focus has been shifted from 
MIDI to the lower-cost WAV formats in the 
newest version of the Windows Sound API 
(application programming interface). In fact, 
most multimedia applications outside the 
high end now support the WAV format, 
which stores sound in a sampled pulse- 
code—modulated format borrowed from the 
audio compact disc (CD). 

In general, of course, higher resolutions 
and sampling rates enhance the reproduced 
sound. Monaural 8-bit sound sampled at 








11.025 kHz sounds much like the telephone 
or AM radio. Stereo 16-bit sound sampled at 
44.1 kHz resembles a CD or FM radio. 
WAV files also give multimedia developers 
leeway in packaging sound with their appli- 
cations. They can store two minutes of AM- 
radio quality on a high-density floppy disk or 
an hour of FM-radio quality on a CD. As for 
price, a SoundBlaster-clone WAV card is US 
$100—$150, and a MIDI card $350-$500. 
Microsoft’s Windows Sound System now 
supplies tools for creating, editing, manipu- 
lating, and playing sound in WAV files. 
Some speech recognition software is also 
shipped with the system. Contact: Microsoft 
Corp., One Microsoft Way, Redmond, WA 
98052; 206-882-8080; or circle no. 101. 


A font of font knowledge 


When it comes to electronic documents, 
what you see isn’t always what other people 
get. Even though everybody who gets the 
document may use the same brand of 
software (a word processor like Microsoft’s 
Word, for instance), one of the recipients 





may not have the typeface used to create the 
document installed on their system. So, that 
recipient’s program will substitute a default 
typeface; in all likelihood, this substitution 
will change the document’s formatting in un- 
desirable ways, by inserting page breaks in 
unexpected places, for example. 

A better solution would be to substitute a 
typeface whose characteristics are very 
similar to the original. Some time ago, Else- 
Ware Corp. developed two technologies for 
identifying and then creating alternative 
typefaces, and made them available to the 
makers of laser printers and other equip- 
ment manufacturers. Now the company has 
brought out Font Works, the first end-user 
product for re-creating fonts. 

The system utilizes the earlier ElseWare 
developments, Panose numbers and Infini- 
font. Panose numbers are a scheme for 
identifying typefaces by their visual charac- 
teristics. Each script (Latin, Cyrillic, and so 
on) and each class of type (text, display, dec- 
orative, and so on) has been assigned a 
unique Panose classification system. 

(Continued on p. 62) 
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Lecturer in Signal 


Processing 


A tenurable vacancy exists for a Lecturer in the School of Electrical and 
Electronic Systems Engineering. The School offers undergraduate and 
postgraduate degrees in Electrical and Electronic Systems Engineering 
and Aerospace Avionics, as well as a combined degree program in 
conjunction with the School of Computing Science. The School has an 
extensive program of industrially sponsored research and development, 
offering opportunities for gaining research funding and supplemen- 
tation of income through consulting. The School's external income for 
such activity will exceed $2 million in 1994. The School also has a 
University recognised Signal Processing Research Centre consisting of 
three well-equipped laboratories and providing challenging programs 


leading to Masters and PhD degrees by research. 


QUALIFICATIONS/SKILLS: Applicants should possess a doctoral or 
masters degree in signal processing. A strong background in mathemat- 
ics, especially statistics as applied to signal processing, is essential. The 
appointee will have a strong research profile and will contribute to 
undergraduate teaching, and to the development of teaching 


laboratories in the School. 
SALARY: $AUD41 000 to $AUD48 688 per annum. 


FURTHER INFORMATION: Before submitting an application, the duty 
statement, selection criteria and information on the position and 
University should be obtained from QUT’s Human Resources Department, 
telephone 61 7 864 5985/3362 or facsimile 61 7 864 3052. 


APPLICATIONS: Applications and envelopes should quote 181/94. 
Applications must systematically address the selection criteria 
and include evidence of academic qualifications and experience 
plus the names, addresses, telephone and facsimile numbers of 
three referees. Applicants must also include teaching evaluations 
and copies of their best three papers, highlighted on their 
application with an asterisk. Applications should reach the 
Human Resources Director, Queensland University of Technology, 
Locked Bag No 2, Red Hill Queensland 4059 Australia by 

9 September 1994. Smoking is not permitted in QUT 


buildings or vehicles. 


An Equal Opportunity Employer 
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mobile platforms 


Setting the standard for 
mobile robotics worldwide. 


Transitions Research Corporation 

Shelter Rock Lane * Danbury, Connecticut 06810-8159 * USA 
Voice: +1 (203) 798-8988 ° 
email: lob @trc.com 


Fax: +1 (203) 791-1082 
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CACSD Benchmark Problem No. 3 
2-rate model 
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Affordable PC based graphical block 
diagram software for modeling, analyzing 
and simulating linear and nonlinear dynamic 
systems. This new version contains Bode 
and Nyquist analysis, FFT, selectable time 
bases, digital filter simulation capability, fast 
signal convolution, and more. Used by 
industry and universities for the rapid design 
and simulation of systems and components. 


Ver 1.1 Introductory Price $149 


plus shipping and handling 
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Systems Engineering Associates Inc. 
Box 3417 RR#3 Montpelier, VT 05602 
(802) 223-6194 
Fax: (802) 223-6195 
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“The best engineering-based text by a 
considerable margin...no one who works with 
neural networks should be without this book.” 

-James A. Anderson, Brown University 


NEURAL 
NETWORKS 


A Comprehensive 
Foundation 


aie 
i 
by Simon Haykin, | 


rai 


McMaster 


University 


IEEE Member Price: $56.00 List Price: $69.95 
Order #: PC0403-6-PZM 


For fastest service, call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 


The Institute of Electrical and Electronics Engineers, Inc. 
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The Product Profiles advertising section provides a 
monthly, distinctive focus on both new and 
commercially established products and services 
that offer practical solutions for engineering and 
scientific professionals in today’s fast-paced, 
rapidly changing high-tech environment. 


Circle the corresponding number 
on the Reader Service Card. 


Xplot 4.0 on Sun 
SunOS & Solaris 2.X 


uFast data loading 

=40 column support 
uEasy to use & powerful 
= Feature/function rich 
= Batch job control 
=Color, mono, X-terms 
=EPS output &more 
=Born at Sandia N.Labs 
«Free functional demo... 
anonymous ftp ecto.ca.sandia.gov 
in /pub/Xplot. To order: 

Call 1-800 543-4999 
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Numerical Analysis Software Demo 


Free HiQ numerical 
analysis and data visu- 
alization demonstration 
software for Macintosh. 
The demonstration 
package includes the 
HiQ demo program and 
an 84 page step-by-step 
demonstration manual |_ 
that gives the user a | ~ 
comprehensive look at 
HiQ. Example problems 
include: signal process- 
ing, ordinary differential equations, linear algebra, 
numerical integration, and 3D visualization. 





National Instruments 
6504 Bridge Point Parkway 
Austin, TX 78730 
(512) 794-0100 
(800) 433-3488 (U.S. and Canada) 
Fax: (512) 794-8411 
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ELECTRO- 

MAGNETIC 
| DESIGN 

SOFTWARE 


The legendary Vector 
Fields suite of soft- 
ware, including the 
TOSCA, ELEKTRA 
and OPERA pack- 


ages, combines clas- 
sical finite element 


techniques with user friendly interactive graph- 
ics for high accuracy 2D and 3D simulation and 
design of all types of electromagnetic equip- 
ment. 


Vector Fields Inc 
1700 North Farnsworth Av 
Aurora, IL 60505 


Telephone: (708) 851 1734 
Fax: (708) 851 2106 
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The most comprehensive, contemporary 
handbook produced in decades... 


THE ELECTRICAL 
ENGINEERING 
HANDBOOK 


Flectrical 
aoa 


edited by 
Richard C. Dorf, 
Co-published 
with CRC Press 


This tandmark book should 
be on every engineer's 
bookshelf. It features over 
2,600 pages brimming with 
valuable definitions, tables and formulas from over 
250 leading authors, professors, and researchers 
in the field. 
IEEE Member Price: $65.00 List Price: $72.00 
Order #: PC0394-7-PZL 
For fastest service, call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) _. 
or fax: 1-908-981-9667 ¢ cm 





The Institute of Electrical and Electronics Engineers, Inc 
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PC Based T1/E1 Analysis 


e Full/Fractional T1/E1 BERT and Monitor 

e Visual Display of Waveforms 

e Record & Playback Full/Fractional Data 

e@ VF Measurement and Test 

@ DTMF/MF Tone and Signalling Analysis 

@ Call Loading Simulation 

e Monitor 8 T1’s using MultiT1 Card 

e Remotable Control and Screen 

@ Programmer's Guide for Customization 
GL Communications, Inc. 

841-F Quince Orchard Blvd, Gaithersburg MD 20878. 

Tel:(301)670-4784 Fax:(301)926-8234 


See the latest advancements and research in 
the joint applications of fuzzy logic and neural 
networks techniques... 


FUZZY LOGIC AND 
NEURAL NETWORKS 
Clips from the Field 


This video program 
consists of video 
clips documenting 
significant 
achievements and 
current advances in 
the fields of fuzzy 
logic and neural 
networks. 


IEEE Member Price: $120.00 List Price: $150.00 
NTSC Order #: HVO330-1-PZO ISBN O-7803-0366-0 
PAL Order #HV0334-3-PZO ISBN O-7803-0376-8 


For fastest service, call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 





The Institute of Electrical and Electronics Engineers. Inc. 
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Gain approval of top management! 
Learn from this hands-on reference to better 
communications techniques... 


WRITING IN THE 


TECHNICAL FIELDS 
A Step-by-Step Guide for 
Engineers, Scientists, and 
Technicians 


by Mike Markel, 
Boise State 
University 


This comprehensive and infor- 

mal guide combines leading- 

edge research with practical 

advice and provides a simple. 

effective system for writing any 

kind of technical document. 

IEEE Member Price: $17.50 List Price: $21.95 
(softcover) Order #: PP0385-5-PZN (sc) 
IEEE Member Price: $25.00 List Price: $29.95 
(hardcover) Order #: PC0385-5-PZN (hc) 
For fastest service. call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 ( 


The Institute of Electrical and Electronics Engineers, Inc. 
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High quality, premium value RF interconnect 
components...Coax/Twinax/Triax Patching, 
Connectors and Cables 


Trompeter'’s new 24- 

page SP1 Standard 

Products Catalog! 

¢ Complete part 
numbers for over 
200 of our most 
popular products. 

* 1-99 piece pricing 
with our new 
SPL1 Standard 
Parts Price List. 

Large inventory 
for quick delivery 

* Low $25.00 
minimum order. 
MasterCard/VISA accepted! 


(800) 217-2020 Fax (818) 706-1040 
“We connect you with Quality” 


ELECTRONICS, INC 
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Your Ad Here! 





YOUR HEADLINE 
This area may be used by advertisers to 
detail their ad message in 50 words or 
less. Just provide typed copy with appro- 
priate direction for emphasis (bold, 
underscore, etc.) we'll do the rest. Be 
sure to include repros of your company 
logo, etc. Indicate if you wish us to set 
addresses, phone #, etc. For rates and 
production information, phone 212-705- 
7579. 

COMPANY NAME/LOGO HERE 
Mailing Address/Phone 
AD SIZE: 2%" x 3" 





Learn MICROCONTROLLERS 
EMBEDDED SYSTEMS and 
PROGRAMMING with . 

the AES-10 : 


The AES-10... a complete learning system, a 
complete embedded control system. Extensive 
manuals guide you through your 8051 development 
project. Assembly, BASIC, and C programming. All hardware 
details, complete schematics. Learn to program the LCD, 
keypad, digital and analog /Os for your applications. 


PACU aE RL 


+ 32K ROM , 32K RAM * 2 by 16 Liquid Crystal 
Display * 4 by S Keypad Digital, A/D , D/A, and 
PWM, I/O + Built in Logic Probe * Power supply 
(can also be battery operated) * Extended AES 
BASIC and AES Monitor in ROM * RS-232 cable 
to connect to PC for programming * 8051/52 DOS 
Cross Assembler * Program disks with well 
documented examples * User’s Manual, Language 
Manual, and Textbook * AES-20 (a smaller board 
without Keypad and LCD) 


AES-10 $365 
Money Back Guarantee 


Ss 





AES-20 $245 

Free Brochure, M/C Visa 
714 - 744-0981 ! 
Fax 714 - 744-2693 { 


800 - 730-3232 


1407 North Batavia Street, Orange, California 92667 
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Transfer your balances by 
6/30/94 and get a rate of 8.9%! 


IEEE NO-FEE GOLD 
MASTERCARD AND 
VISA GOLD 


These are the only credit cards 
superior enough to qualify for the 
IEEE’s sponsorship. 


To apply by phone, call 


1-800-242-9409 x 58 


Available only to IEEE members in the U.S. 
and soon to members outside the U.S. 
IEEE Financial Advantage Program 


The Institute of Electrical and Electronics Engineers, Inc 
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Best Value in the World 
for 
POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
Aa peices eaMae eee 


LAYERS 
| $630 | 
pee tat 
388 | 448 | 
120 [| 385 | 486 | 
@ 5PIECESx 1.34 Il 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 Ml UL LISTED 
e000 CAPABILITIES 


DISCOUNTS 
@ Photo Plotting @ Buried & Blind Vias = 
W Testing @ Polyimide Multilayer eS 


@ Full Body Gold 9, 
@ Gold Contacts - $50 @ Carbon Paste 5 7% 


Hi 25% - Below8 Mil Hole @ Tin nickel burn-in boards 
cena. Mi SMT-SMOBC @ cop 


~ Below 15 MilHole jj Up to 22 layers 0% 
M@ SMOBC & LPI- $50‘ M@ Impedance control boards ° 


FOR MORE INFORMATION CALL OR FAX 


Ken Bah! M1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408)735-7137 FAX (408)735-1408 Modem (408) 735-9842 
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Newest in Z-World's 
line of C-programmable 
- = miniature controllers, the Little Star™ 
has 16 protected digital inputs, 14 high-current driver out- 
puts, RS232/RS485, battery-backed RAM and real-time clock, 
programmable timers, watchdog, and more. The Little Star is 
also available with enclosure and LCD/keypad, expansion 
cards for additional 1/0, and optional 18 MHz clock. Our 
easy-to-use, yet powerful Dynamic C™ development system 
($195) integrates an editor, compiler, debugger, and dozens 
of software libraries all in source code. The Little Star is 
ideal for OEM control applications, manufacturing automa- 
tion, test and data acquisition. 
24-Hour AutoFax _—1724 Picasso Ave. 
916.753.0618. Call Davis, CA 95616 
from your FAX. 916.757.3737 
Request catalog 18, 916.753.5141 FAX 
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(Continued from p. 59) 

Panose Level I is a number, made up of 
ten 4-bit segments (nibbles), that identifies a 
typeface’s main attributes. Panose Level II is 
a 36-segment scheme for identifying a broader 
range of attributes of many more typefaces, a 
number of which may not be well known. 

Panose numbers are embedded in all 
TrueType and PostScript fonts. Hewlett- 
Packard Co. and other laser printer makers 
also use Panose numbers, plus Infinifont, to 
manage built-in and down-loaded fonts. 

Infinifont sends the font engine infor- 
mation from Panose files, plus a file called 
terafont that contains the basic typography 
information. The engine uses these inputs 
to generate characters that possess the at- 
tributes called for by a specific Panose num- 
ber. In this way, Panose numbers are used 
to reverse-engineer fonts that would oth- 
erwise be unavailable. 

One useful side effect of Infinifont is the 
enormous space savings that it offers to 
those desirous of using many typefaces in 
their documents. ElseWare’s Font Works is 
a good example. The Infinifont technology 
enables it to store 150 typefaces—plus 
another 2500 typefaces described in Panose 
files—in approximately the same amount of 
space as is occupied by 20 Postscript Type 








1 or TrueType fonts! Contact: ElseWare 
Corp., 101 Stewart Street, Suite 700, Seattle, 
WA 98101; 206-448-9600; or circle no. 102. 


Maneuvering through cyberspace 


The Internet’s intricacies can overwhelm 
a novice. But some basic software tools will 
simplify any voyage into cyberspace. 

Telnet is a terminal emulation program 
for logging on to a computer on the Inter- 
net as if the machine were on the local net- 
work. It requires logon IDs and passwords. 

A File Transfer Protocol (FTP) user can 
down- and upload files from and to an Inter- 
net computer. Again, logon IDs and pass- 
words are usually required, though some 
servers offer anonymous FTP: users log on 
with the generic ID “anonymous” plus their 
own choice of password. 

Four other tools—Mail, News, Gopher, 
and Uucode—open up more of the Inter- 
net’s capability to users. Mail equips users 
to send and receive mail (obviously), pro- 
vided they have access to a POP3 (post of- 
fice protocol 3) mail server. Such servers 
are not identical, so users should ask which 
mail packages support their local unit. 

News is for reading and posting news; 
while the noncommercial Usenet is the 
most popular news service, there are many 
others. Gopher searches for and retrieves 





information about specific topics on gopher 
servers, developed by universities, insti- 
tutions, and businesses and all on Internet. 
Finally, Uucode converts 8-bit character 
files into a format suitable for transmission 
over a network that recognizes only 7-bit 
characters. It can also convert any Uucode- 
encoded files received to 8-bit format. 

Most of the tools may be bought in a block. 
Thus Windows versions of all of them are sold 
as part of Spry Inc.’s Air Series. But the Spry 
Mail program requires a very sophisticated 
POP3 server unavailable to most users. 

The “sure to work on any POP server” mail 
program is Qualcomm Inc.’s Eudora, available 
in both PC and Mac versions. A limited 
shareware version can be downloaded from 
most bulletin boards. Ease-of-use features, 
however, make the full commercial version of 
Eudora a better buy. Contact: for the Air 
Series, Spry Inc., 316 Occidental Ave., South 
Suite 200, Seattle, WA 98014, 206-447-0300; 
or circle no. 103; for Eudora, Qualcomm 
Inc., 6455 Lusk Blud., San Diego, CA 92121- 
2779; 800-2EUDORA in the United States, 
619-587-1121 elsewhere, and ask for the 
Eudora sales group; or circle no. 104. 





CONTRIBUTOR: John R. Hines is a silicon 
sensor engineer at Honeywell Inc.'s Micro Switch 
Division, Richardson, Texas. 

CONSULTANT: Bruce Mather, Phototelesis Corp. 
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INTRODUCING 
THE IEEE 
MEMBER 
-GET- A: 
MEMBER 
PROGRAM 


a qualified colleague become a member of the IEEE, 


Being an IEEE Member will help 
your colleagues with technical and 
professional benefits non-members 
simply can’t get. ¢ A growing 
membership helps the Institute and 
the profession with increased talent, 
visibility and leverage. ¢ By helping 


you'll even be helping yourself. Membership growth 
helps keep dues low for everyone. # You are the IEEE’s 
best advocate — and best recruiter. Take part in the 

IEEE Member-Get-A-Member Program and earn the 
thanks of your colleague and a gift from your Institute. 





Contact IEEE today and we'll rush you our 
Member-Get-A-Member Recruiter Kit 


1-800-678-IEEE (1-800-678-4333) 


or 908-981 -0060 


Fax: 908-981-9667 + Telex: 833-233 + E-mail: member.services @ieee.org 


IEEE 
MEMBER 
GET A 
MEMBER 


The Institute of Electrical and Electronics Engineers, Inc. 


445 Hoes Lane, PO Box 1331, Piscataway, NJ 08855-1331 USA 
Membership is part of being a professional. 
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itput). For current, the regu- 
Prick occT sees r than 3 mA, except for cur- 
Name Title 5 A (2511 and 2511G), in which 
16mA. 
Conipeny nd 2511 are priced at $895. 
Address nable versions go for $1095. 
: : ‘onix Inc., Test and Measure- 
a oiaie a Box 1520, Pittsfield, MA 
Country Business Phone 5-2200; or circle 113. 
Send me information on joining IEEE (circle one) Regular membership 300 Student 
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| would like: 
Void after October 1, 1994 


offering its Model PM 6685R 











acquisition peripheral [to the left of the PC] 
connects to the latter through the PC’s 
parallel printer port. It is capable of digi- 
tizing eight single-ended or four differential 
input channels. 


As notebook-size personal computers gain in 
popularity, interest is also rising in compact 
data-acquisition boxes to work with them. 
These boxes are helpful in a variety of situ- 
ations, from gathering field data—monitoring 
engine parameters in a moving car, for 
example—to simply fitting onto a crowded 
workbench. The latest such unit is the 
DAQPad-1200 from National Instruments 
Corp. [photo]. 

The device is a lightweight (0.77 kg) pe- 
ripheral measuring just 14.6 by 213 by 3.8 
cm. At its heart is a 12-bit analog-to-digital 
converter capable of 100 000 conversions a 
second. Its eight single-ended analog inputs 
may be configured as four differential chan- 
nels. Other features are a programmable- 
gain amplifier, a buffer for up to 2000 dig- 
itized samples, 24 digital I/O lines, and three 
16-bit counter-timer channels. 

The DAQPad-1200 is configured and cal- 
ibrated entirely by means of software 
commands; no jumpers or trimming poten- 
tiometers are needed. It can sample in 
several modes, under external control or 
with internally controlled interval scanning. 
With the latter, the unit scans all activated 
input channels at a user-programmable 
rate, waits for a user-selected interval, and 
then repeats the scan. 

The DAQPad-1200 works with both the 
standard (Centronics) parallel printer port 
and the faster Enhanced Parallel Port (EPP). 
Bundled with it are National Instruments’ 
DAQWare and NI-DAQ software. DAQWare 
is a menu-driven, DOS-based system for 








Void overseas after October 1, 1994 


Designed for production, burn-in, and relia- 
bility testing applications, the PS2500 family 
of programmable power supplies is well 
suited for use in low-cost computer-con- 
trolled systems. At present, the family has 
four members, two of which are pro- 
grammed through front-panel controls and 
two otherwise identical units, which may 
also be programmed over the general- 
purpose interface bus (IEEE 488.2). 

The model 2510 [photo] and its bus-pro- 
grammable version, the 2510G, provide 0-36 
V at up to 3.5 A. The 2511 and 2511G offer 
0-20 V and up to 7 A. The four supplies allow 
the user to automate repetitive tests by pro- 
gramming up to 100 combinations of voltage, 
current, and timing. They all offer both 
constant-voltage and constant-current modes. 

For each supply, voltages may be pro- 
grammed with 10-mV resolution and read to 
within 0.025 percent plus 25 mV. Current 
resolution is 1 mA, and current accuracy is 
0.2 percent plus 10 mA. Time intervals can 
be set from 1 to 65 535 seconds. 

Line regulation is better than 0.03 
percent plus 6 mV for voltage, 01 percent 
plus 6 mA for current. Load regulation for 





The 2510 programmable power supply from 
Tektronix delivers up to 36 V and up to 3.5 
A. It can store up to 100 combinations of 
voltage, current, and time interval. 


base frequency counter/cali- 
a practical field instrument 
3 well as accurate, one of the 


7/94 


| counter’s key specifications is its warm-up 


time: after just six minutes, it can make 
measurements to within 1 part in 10%. 
Moreover, after 30 minutes, it reaches 1 
part in 10. The instrument drifts less than 
5 parts in 10" per month and less than 5 
parts in 10” per year. 

The counter/calibrator’s standard input 
frequency range goes up to 300 MHz. 
Options then extend that range to 13, 2.7, or 
4.5 GHz, so that high-resolution digital cali- 
bration measurements can be made at high 
frequencies without the complexities asso- 
ciated with synthesizers, mixers, and filters. 

The PM 6685R has a list price (in the 
United States) of $10 645. Contact: Fluke 
Corp., Box 9090, Everett, WA 98206; 206- 
356-5500; toll-free, 800-44-FLUKE; fax, 
206-356-5116; in Europe, Fluke Europe B.V., 
Box 1186, Eindhoven, the Netherlands; 
(31+40) 644-200; fax, (31+40) 644-222; or 
circle 114. 


DIGITAL SIGNAL PROCESSING 


Inexpensive tools from Russia 


Two low-cost development products for 
Motorola’s 16-bit DSP56166 (and DSP56156) 
digital signal processor have been developed 
by a team of six engineers in Moscow and 
are being offered for sale in the United 
States by The Accolade Group. These are 
the DS-56166 application development 
system and the CC-561XX OnCE command 
converter. 

The DS-56166 was designed for speech- 
processing applications, which need small 
size, ease of use, and simple operation. It is 
platform-independent and may in fact be 
controlled by any computer with an RS-232 





interface. Thus the same unit will work with 
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are not identical, so users should ask which 


Eudora sales group; or circle no. 104. 





mail packages support their local unit. 
News is for reading and posting news; 
while the noncommercial Usenet is the 
most popular news service, there are many 
others. Gopher searches for and retrieves 


CONTRIBUTOR: John R. Hines is a silicon 
sensor engineer at Honeywell Inc.'s Micro Switch 
Division, Richardson, Texas. 

CONSULTANT: Bruce Mather, Phototelesis Corp. 
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INTRODUCING Being an IEEE Member will help 
THE IEEE your colleagues with technical and 
MEMBER professional benefits non-members 


-GET-A: 


simply can't get. « A growing 
membership helps the Institute and 


MEMBER the profession with increased talent, 
PROGRAM visibility and leverage. ¢ By helping 


a qualified colleague become a member of the IEEE, 


you'll even be helping yourself. Membership growth 
helps keep dues low for everyone. # You are the IEEE’s 
best advocate — and best recruiter. Take part in the 
IEEE Member-Get-A-Member Program and earn the 
thanks of your colleague and a gift from your Institute. 





Contact IEEE today and we'll rush you our 
Member-Get-A-Member Recruiter Kit 


1-800-678-IEEE (1-800-678-4333) 
or 908-981 -0060 


Fax: 908-981-9667 + Telex: 833-233 + E-mail: member.services @ieee.org 


The Institute of Electrical and Electronics Engineers, Inc. 


445 Hoes Lane, PO Box 1331, Piscataway, NJ 08855-1331 USA 
Membership is part of being a professional. 
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PC data-acquisition unit 
_ connects to parallel ports 
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National Instruments’ DAQPad-1200 data- 
acquisition peripheral Ito the left of the PC] 
connects to the latter through the PC’s 
parallel printer port. It is capable of digi- 
tizing eight single-ended or four differential 
input channels. 


As notebook-size personal computers gain in 
popularity, interest is also rising in compact 
data-acquisition boxes to work with them. 
These boxes are helpful in a variety of situ- 
ations, from gathering field data—monitoring 
engine parameters in a moving car, for 
example—to simply fitting onto a crowded 
workbench. The latest such unit is the 
DAQPad-1200 from National Instruments 
Corp. [photo]. 

The device is a lightweight (0.77 kg) pe- 
ripheral measuring just 14.6 by 213 by 3.8 
cm. At its heart is a 12-bit analog-to-digital 
converter capable of 100 000 conversions a 
second. Its eight single-ended analog inputs 
may be configured as four differential chan- 
nels. Other features are a programmable- 
gain amplifier, a buffer for up to 2000 dig- 
itized samples, 24 digital I/O lines, and three 
16-bit counter-timer channels. 

The DAQPad-1200 is configured and cal- 
ibrated entirely by means of software 
commands; no jumpers or trimming poten- 
tiometers are needed. It can sample in 
several modes, under external control or 
with internally controlled interval scanning. 
With the latter, the unit scans all activated 
input channels at a user-programmable 
rate, waits for a user-selected interval, and 
then repeats the scan. 

The DAQPad-1200 works with both the 
standard (Centronics) parallel printer port 
and the faster Enhanced Parallel Port (EPP). 
Bundled with it are National Instruments’ 
DAQWare and NI-DAQ software. DAQWare 
is a menu-driven, DOS-based system for 
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configuring, monitoring, and controlling the 
DAQPad-1200 (and other National Instru- 
ments data-acquisition boards). NI-DAQ is a 
library of more than 110 data-acquisition 
functions for such boards. It also acts as a 
resource manager to eliminate address and 
interrupt conflicts in multiboard systems. 

The DAQPad-1200 sells for US $995, 
including an ac adapter. A rechargeable 
battery pack is an extra $295. Contact: 
National Instruments Corp., 6504 Bridge 
Point Parkway, Austin, TX 78730-5039; 
512-794-0100; toll-free, 800-433-3488; fax, 
512-794-8411 or 512-794-5678; or circle 
iL 


Programmable power supplies 


Designed for production, burn-in, and relia- 
bility testing applications, the PS2500 family 
of programmable power supplies is well 
suited for use in low-cost computer-con- 
trolled systems. At present, the family has 
four members, two of which are pro- 
grammed through front-panel controls and 
two otherwise identical units, which may 
also be programmed over the general- 
purpose interface bus (EEE 488.2). 

The model 2510 [photo] and its bus-pro- 
grammable version, the 2510G, provide 0-36 
V at up to 3.5 A. The 2511 and 2511G offer 
0-20 V and up to 7 A. The four supplies allow 
the user to automate repetitive tests by pro- 
gramming up to 100 combinations of voltage, 
current, and timing. They all offer both 
constant-voltage and constant-current modes. 

For each supply, voltages may be pro- 
grammed with 10-mV resolution and read to 
within 0.025 percent plus 25 mV. Current 
resolution is 1 mA, and current accuracy is 
0.2 percent plus 10 mA. Time intervals can 
be set from 1 to 65 535 seconds. 

Line regulation is better than 0.03 
percent plus 6 mV for voltage, 01 percent 
plus 6 mA for current. Load regulation for 





The 2510 programmable power supply from 
Tektronix delivers up to 36 V and up to 3.5 
A. It can store up to 100 combinations of 
voltage, current, and time interval. 





voltage is better than 3 mV (rear output) or 
6 mV (front output). For current, the regu- 
lation is better than 3 mA, except for cur- 
rents above 3.5 A (2511 and 2511G), in which 
case it rises to 6 mA. 

The 2510 and 2511 are priced at $895. 
The programmable versions go for $1095. 
Contact: Tektronix Inc., Test and Measure- 
ment Group, Box 1520, Pittsfield, MA 
01202; 800-426-2200; or circle 113. 


Portable rubidium frequency counter 


Cellular communications and other new 
areas are in need of extremely accurate fre- 
quency measurements in the field. So the 
Fluke Corp. is offering its Model PM 6685R 
rubidium timebase frequency counter/cali- 
brator. Since a practical field instrument 
must be fast as well as accurate, one of the 
counter’s key specifications is its warm-up 
time: after just six minutes, it can make 
measurements to within 1 part in 10°. 
Moreover, after 30 minutes, it reaches 1 
part in 10, The instrument drifts less than 
5 parts in 10" per month and less than 5 
parts in 10” per year. 

The counter/calibrator’s standard input 
frequency range goes up to 300 MHz. 
Options then extend that range to 13, 2.7, or 
4.5 GHz, so that high-resolution digital cali- 
bration measurements can be made at high 
frequencies without the complexities asso- 
ciated with synthesizers, mixers, and filters. 

The PM 6685R has a list price (in the 
United States) of $10 645. Contact: Fluke 
Corp., Box 9090, Everett, WA 98206; 206- 
356-5500; toll-free, 800-44-FLUKE; fax, 
206-356-5116; in Europe, Fluke Europe B.V., 
Box 1186, Eindhoven, the Netherlands; 
(31+40) 644-200; fax, (31+40) 644-222; or 
circle 114. 


Inexpensive tools from Russia 


Two low-cost development products for 
Motorola’s 16-bit DSP56166 (and DSP56156) 
digital signal processor have been developed 
by a team of six engineers in Moscow and 
are being offered for sale in the United 
States. by The Accolade Group. These are 
the DS-56166 application development 
system and the CC-561XX OnCE command 
converter. 

The DS-56166 was designed for speech- 
processing applications, which need small 
size, ease of use, and simple operation. It is 
platform-independent and may in fact be 
controlled by any computer with an RS-232 
interface. Thus the same unit will work with 
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Tools & toys 


a Macintosh computer or any Unix work- 
station, as well as with an IBM-type PC. A 
single system costs as little as $695. 

The CC-561XX converts RS-232 com- 
mands from the host computer into a format 
compatible with the Motorola OnCE interface 
for on-chip emulation. It therefore provides 
emulation capability for prototype products 
built around a DSP56166, with no need for an 
expensive processor replacement cable. 
Normally bundled with the DS-56166, the 
command converter may be purchased sepa- 
rately for $335. Its Quick-Bug software devel- 
opment shell is compatible with all major PCs 
and workstations, according to Accolade. 

To make DSP technology available to a 
wide range of users—especially engineering 
students and faculty—discounts on both 
products are offered to qualified members of 
the academic community. Contact: The 
Accolade Group Ltd., 1695 Sherwood Rd., 
Highland Park, IL 60035; 708-831-3009; 
fax, 708-831-4854; or circle 112. 
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Faster neural net training 


The MathWorks Inc. has introduced version 
2.0 of its Neural Network Toolbox, an add- 

















This Matlab plot compares training rates for 
conventional back-propagation [white, 108 
steps] and the fast Levenberg-Marquarat al- 
gorithm [blue, five steps]. Each trace illus- 
trates the number of steps from initial con- 
ditions to the minimum error. 


on to the company’s popular Matlab tech- 
nical computing environment. One of the 
enhancements in the new toolbox is the use 
of the Levenberg-Marquardt algorithm to 
speed the training of back-propagation net- 
works by a factor of ten. The faster training 
should add to the technology’s appeal for 
real-world applications that involve loads of 
data—noise cancellation, industrial process 
control, pattern recognition, and financial 
forecasting, for example. 

In addition, version 2.0 incorporates sev- 
eral new network architectures, including 
radial basis functions, Elman recurrent net- 





works, adaptive linear networks, and lear- 
ning vector quantization. It also meshes 
with the company’s Simulink nonlinear dy- 
namic simulation environment, which takes 
some of the toil out of neural networks em- 
bedded in their target systems. 
Single-user pricing for the Neural Net- 
work Toolbox starts at $895 for use with 
PCs. Versions are also available for Apple 
Macintoshes, Sun SparcStations, IBM 
RS/6000s, Hewlett-Packard Series 700 ma- 
chines, Silicon Graphics workstations, and 
several systems from Digital Equipment 
Corp. The toolbox requires Matlab 4.0 or 
above. Contact: The MathWorks Inc., 24 
Prime Park Way, Natick, MA 01760-1500; 
508-653-1415; fax, 508-653-2997; e-mail, 
info@mathworks.com,via the World Wide Web, 
http :/uww.mathworks.com; or circle 117. 


DATA ACQUISITION 


A compendium of software solutions 


From Data Translation Inc., the well-known 
maker of data-acquisition and imaging 
products, has just come its 1994 Product 
Handbook. The 320-page catalog describes 
the company’s complete product line, with 
an emphasis on software—from program- 
ming tools to specific applications. 

Also included are technical tutorials and 












Software & 
From the leading 
international R&D experts, 































Simply 

© Frequency and time domain 
grounding analysis in multilayered 
soils with multiple electrodes subject 
to hybrid energization at various 
points. Arbitrary networks consisting 


Ideal for cathodic protection & anode bed designs. 


ground can be modelled individually. 


variety of coated pipelines. 


technical support services are second to none, 


1-800-668-3737 (US.A. & Canada 
Tel: (514) 336-2511 Fax: 





Circle No. 13 
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Grounding, EMF and EMI 
Services 


eee 


of bare, coated, solid or hollow conductors and pipelines can be modelled. 


_ © Transient and frequency domain electromagnetic field analysis of overhead 
and buried arbitrary networks of energized conductors. Compute electric 
fields, magnetic fields, scalar and vector potentials and current flows. 


© Fault current distribution and electromagnetic interference in multiphase 
unbalanced networks, including skywires, neutral wires, buried and 
aboveground pipelines and telecommunication circuits. Each tower 


© Overhead and buried transmission line and cable parameters in multilayered 
soils, Include, simultaneously, pipe-type cables with sheaths, armours and a 






You no longer have to cope with elementary software and services. Our powerful 
and affordable software (CDEGS™, MultiGround’", MultiFields™, AutoGround™) 
are designed to meet a variety of environments and needs and run on PCs, 
workstations and mainframe computers. Engineering, training, updates and 
Safe Engineering Services & technologies ltd. 
1544 Viel, Montreal, Quebec, Canada, H3M 1G4. > 
ax: (514) 3966144 
437 Sth St. West, Sonoma, California 95475, USA. 
Tels (707) 935-6200, Fax (707) 935-0875 





Members, Advisory Committee 
Of Reactor Safeguards (ACRS) 


$444.96 per day for a maximum 
of 100-130 days per year 


The U.S. Nuclear Regulatory Commission’s mission is to 
protect America’s health, safety and environment in the civilian 
use of nuclear materials. We are seeking members for the 
ACRS at our Headquarters in Rockville, MD. The membership 
of ACRS is drawn from a variety of engineering and scientific 
disciplines needed to conduct the Committee’s review of 
safety issues associated with the operation of more than 100 
nuclear units in the United States. Applicants must have sev- 
eral years of experience in such fields as commercial nuclear 
power plant operations, electronics, materials science, and 
nuclear, mechanical, electrical, metallurgical, structural, or 
chemical engineering. Candidates with specific expertise in 
reactor accident analysis, digital instrumentation and control, 
or advanced computer applications are highly sought. 


Applicants should send a resume or Federal application (SF- 
171) to: U.S. Nuclear Regulatory Commission, Attn: Dr. John 
Larkins, P-315, (Dept. A-94057), Washington, D.C. 20555, 
or call (301) 492-8049 for further information. 


U.S. NUCLEAR 
REGULATORY 
COMMISSION 


An equal opportunity employer, M/F/D/V 


U.S. citizenship required 
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examples of products being used. The idea is to help users select the 
optimum combination of hardware and software for their needs. 

The 1994 Product Handbook, available now, is offered free of 
charge. Contact: Data Translation Inc., Sales Department, 100 
Locke Dr., Marlboro, MA 01752-1192; toll-free, 800-481-3700 
(United States and Canada); otherwise, 508-481-3700; fax, 508-481- 
8620; or circle 115. 
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‘Cruising’ the Internet 


Interested in meeting new people in a safe yet inexpensive way? If so, 
you may be interested in the latest ice-breaking wrinkle from 
California (where else?)—personalized Internet license-plate frames. 
These are black frames with the word “INTERNET” on top in white, 
and a personalized Internet address on the bottom, also in white. 
Will these frames change your life? There is no guarantee, but it costs 
only $11 (plus $3.50 for shipping and handling) to find out. To order, 
simply send a check for $14.50 to DHM and write your e-mail address 
in the check’s memo field. Contact: DHM Information Management 
Inc., 409 N. Pacific Coast Hwy. #249, Redondo Beach, CA 90277; 310- 
214-3349; fax, 310-214-3090; e-mail, info@dhm.com. or circle 116. 


NEW AND NOTEWORTHY 


e Analog Devices Inc., Wilmington, Mass., claims it has the first 
silicon transimpedance amplifier to meet the bandwidth, noise, 
and sensitivity specifications of 155-Mb/s data links. At $310 
each in 1000-piece quantities, the 200-MHz AD8015 aims at 
asynchronous transfer mode network, fiber to the home, and fiber 
distributed data interface applications. Circle 118 

¢ Burr-Brown Corp., Tucson, Ariz., has a “power miser” general- 
purpose instrumentation amplifier for battery-driven 
systems that operates with power supplies of +135 V to +18 V 
(single supply down to 2.7 V) and a quiescent current of only 350 WA. 
The INA118’s three-op-amp design and eight-pin package sells for 
$3.25 each for one thousand pieces. Circle 119 

¢ CSPI, Billerica, Mass., now offers a multiprocessor VMEbus 
board that relies on eight i860 processors to reach 640 MFLOPS. 
The SuperCard-4SLX, which costs $29 000, relies on National 
Semiconductor Inc.’s QuickRing controllers to provide I/O 
bandwidth scaling up to 12 GB/s. Circle 120 

¢ Momentum Data Systems Inc., Costa Mesa, Calif., has what could 
be the first DSP board for the PCI (peripheral control interface) 
bus. Also offered for the ISA bus, the Eagle 56 boards are built 
around 40- and 66-MHz Motorola DSP56002 fixed-point DSP chips. 
They operate at 20 and 33 million instructions per second, respec- 
tively; have a high-speed parallel host interface optimized for 16- 
and 24-bit data transfers; and sport four banks of 64 k-by-24-bit 
zero-wait-state static RAM. The 40-MHz board is $2695, the 66-MHz 
is $3695. Circle 121 

¢ Bus-Tech Inc., Burlington, Mass., has an interconnect con- 
troller for transferring multimegabytes per second between main- 
frames and server or workstation platforms. The Datablaster em- 
ulates a standard IBM tape control unit on the host side, while 
presenting SCSI tape signals to the workstation. Bidirectional data 
transfer bypasses the overhead associated with traditional protocol 
stacks such as SNA and TCP/IP. Circle 122 

¢ Computer Products Inc., South Boston, Mass., has a new family of ul- 
tralow-noise, high-accuracy 5-W dc-dc converters. Line and load reg- 
ulation for the PM900 series is +0.02 percent, transient response is 20 
Ls for 100 percent load steps. Price of the converters, which have a 51- 
by-51-by-10-cm footprint, is $50 apiece in large quantities. Circle 123 





COORDINATOR: Michael J. Riezenman 
CONSULTANT: Paul A.T. Wolfgang, Boeing Defense & Space Group 
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FELLOW (LEVEL C) (CONTINUING) DEPARTMENT OF SYS- 
TEMS ENGINEERING, RESEARCH SCHOOL OF INFORMATION 
SCIENCES AND ENGINEERING, THE AUSTRALIAN NATION- 
AL UNIVERSITY: Applications are invited for a continuing (after 
probation) research and graduate teaching position at academic level C 
in the Department of Systems Engineering (Tenured staff: Professor 
B.D.O. Anderson, Dr. R.R. Bitmead and Professor J.B. Moore, Head 
of Department.) This is an opportunity for a leader in engineering 
research and graduate teaching, with some commitment to team activi- 
ty, to join a group of three IEEE Fellows, two non-tenured staff 
(Research Fellows), Postdoctoral Fellows, international as well as Aus- 
tralian visitors and PhD students working in control systems and signal 
processing. The emphasis is on excellence in research at a fundamental 
level, quality supervision of PhD students, and industrial interactions. 
The successful applicant should be expected to already have an inter- 
national reputation in the postdoctoral career phase but with reputation 
still developing rapidly, and with a career objective and reasonable 
potential of being an IEEE Fellow. In order to complement existing 
departmental research work, and to support the externally-funded 
Cooperative Research Centre for Robust and Adaptive Systems in the 
Department, there is sought a proven capacity and willingness to work 
and to supervise student work in areas of systems engineering that 
clearly differentiate the activities of the appointee from those of the 
other tenured staff members. Theoretically sophisticated and high-end 
application areas such as robotics, advanced process control, digital 
signal processing, discrete-event systems or neural networks could be 
appropriate. It could be desirable for there to be a significant laboratory 
component in any new area of activity. Enquiries: Professor John 
Moore at Tel: 61 6 249 2461, Fax 61 6 249 2698. Further information 
including Selection Criteria is available from the School Secretary’s 
Office, Research School of Information Sciences and Engineering, or 
email sec050@rsphysse.anu.edu.au, or fax: 61 6 249 1884. Closing 
Date: 29 July 1994. Ref: ISE 25.5.3. Salary: $A50,928 - $458,724 p.a. 


RESEARCH FELLOW (LEVEL B) TELECOMMUNICATIONS 
ENGINEERING GROUP, RESEARCH SCHOOL OF INFORMA- 
TION SCIENCES AND ENGINEERING, THE AUSTRALIAN 
NATIONAL UNIVERSITY. Applications are invited for two fixed 
term research and postgraduate teaching positions at academic level B 
in the new Telecommunications Engineering Group in the Research 
School of Information Sciences Engineering. The possibility exists for 
one position to be held jointly on a fractional basis with a teaching and 
research position in the Faculty of Engineering and Information Tech- 
nology at the ANU. Alternatively the position may be filled by second- 
ment from State Universities within Australia. The emphasis in the 
School is on excellence in research at a fundamental level, quality 
supervision of PhD students and industrial and other outside interac- 
tions. The successful candidate is expected to conduct research at an 
internationally recognized level. Willingness to work as part of a team 
is essential and effectiveness in industrial negotiation is highly desir- 
able. The new Telecommunications Engineering Group is expecied to 
collaborate in other activities in the School, in joint research projects, 
student supervision, provision of graduate course material, and partici- 
pation in one or more of the Cooperative Research Centres associated 
with the School, viz., CRC for Robust and Adaptive Systems, CRC for 
Advanced Computational Systems and Research Data Network CRC. 
Collaboration in activities in the Faculty of Engineering and Informa- 
tion Technology would also be welcome. Systems aspects of telecom- 
munications, as opposed to device/physics aspects will be preferred. 
Typical research outlets would include IEEE Transactions on Commu- 
nications and possibly IEEE Transactions on Information Theory. Nom- 
inally one position will be aligned with Signal Processing or Informa- 
tion Theory aspects of telecommunications and the other with networks 
aspects of telecommunications including teletraffic research and person- 
al communication systems. For the latter position it is intended that the 
position be held jointly with the Computer Sciences Laboratory of the 
School. Resources for the development of a small research laboratory 
facility are available. Enquiries: Head of Telecommunications Engi- 
neering, Dr. Rodney Kennedy, email rak101 @syseng.anu.edu.au. Tel 
61 6 249 2461. Further particulars and selection criteria are available 
from the School Secretary, telephone +61 6 249 5195, fax +61 6 249 
1884, email sec050@rsphysse.anu.edu.au. Closing date: 29 July 1994. 
Reference: ISE 25.5.2. Salary: Research Fellow $A41,574 - $449,370 
p.a. Appointment: Research Fellow - Three years initially, with possible 
extension to a maximum of five years. Applications, clearly quoting the 
reference number, should be submitted in duplicate to The Secretary, 
The Australian National University, Canberra ACT 0200, Australia, 
including curriculum vitae, list of publications, an indication of research 
interests and names, addresses and fax and email numbers if available 
of at least three referees. Applications should be submitted in duplicate 
to the Secretary, The Australian National University, Canberra, ACT, 
0200, including curriculum vitae, list of publications, names and 
addresses, fax and email numbers of at least six referees. In addition, 
applications by email would be welcome. The University has a “no 
smoking” policy in all University buildings and vehicles, and reserves 
the right not to make an appointment. THE UNIVERSITY IS AN 
EQUAL OPPORTUNITY EMPLOYER. 





The following listings of interest to IEEE members have 
been placed by educational, government, and industrial 
organizations as well as by individuals seeking posi- 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga- 
zine, Classified Employment Opportunities Department, 
345 E. 47th St., New York, N.Y. 10017. 


ADVERTISING RATES 

Positions open—$40.00 per line, not agency- 
commissionable. 

Positions wanted—$40.00 per line, a 50% dis- 
count for IEEE members who supply their member- 
ship numbers with advertising copy. 


All classified advertising copy must be received by 
the 25th of the month, two months preceding the date 
of issue. No telephone orders accepted. For further 
information call 212-705-7578. 


IEEE encourages employers to offer salaries that are 
competitive, but occasionally a salary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


PET Tee CRS Re Te) 


Grad Student Ph.D. Assistantships and possi- 
ble assistant engineer or postdoctoral positions 
open for only highly experienced engineers in 
power quality, expert systems, and EMTP. 
Send resume with refs, telephone and GRE to 
Dr. Alex pemien. Director, Florida Power Affili- 
ates, Dept. of Electrical Engineering, Univ. of 
Florida, 323 Benton Hall, Gainesville, FL 
32611. (904) 392-0290. 





Gonzaga University in Spokane, Washington is 
seeking a faculty member with a strong back- 
ground in software and hardware digital design, 
and electronics. Experience in the design of real- 
time embedded systems, object oriented pro- 
ramming and use of CASE tools is required. 
ndustrial design experience, a publication 
record and teaching experience are considered 
important. Responsibilities include teaching in an 
ABET accredited BSEE program and an MSEE 
program. An appointment will be made at the 
assistant or associate professor level. Only citi- 
zens or permanent residents of the United States 
will be considered. Candidates must have com- 
pleted a Ph.D. degree. Gonzaga University is a 
Catholic, Jesuit university with a commitment to 
teaching humanistic values to develop the whole 
person. The attractive, growing campus is set in 
an area of scenic beauty in the Inland Northwest. 
Send resume and list of three references to Dr. 
Raymond A. Birgenheier, Chair, Department of 
Electrical Engineering, Gonzaga University, 502 
E. Boone Ave., Spokane, WA 99258. Screenin 
of applicants will begin in early August 1994 an 
the oe appointment date is January 1, 
1994. Gonzaga is an Equal Opportunity/Affirma- 
tive Action Employer. 


Simon Fraser University, ore 
NSERC Industrial Chair in Intelligent Software 
Systems: The Schools of Computing Science 
and Engineering Science in conjunction with the 
Centre for Systems Science at Simon Fraser Uni- 
versity invite applications and nominations for this 
chair at the Assistant or Associate Professor 
level. Candidates must have an outstanding 
research record and a demonstrated record of 
industrial collaboration. Background in an Engi- 
neering discipline would be an asset. This chair is 
the more junior of two chairs dually funded by 
NSERC to complement an existing endowment 
from British Columbia industries eed by the 
Eppich brothers of Ebco, Itd.). The Senior Chair is 
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held by Dr. Hassan Ait-Kaci. The Junior Chair will 
collaborate with the Senior Chair, conducting 
research on designing intelligent software proto- 
ae and developing applications. The Junior 
air candidate is expected to hold a PhD in 
Computing Science or related field with a few 
years of post-doctoral research experience. The 
required expertise is in symbolic and constraint- 
based programming and compiling, and 
advanced run-time environment development. 
Strengths and interests in data and knowledge 
base systems, real-time and concurrent program- 
ming, and graphical interface design are desir- 
able. The chair appointment is for an initial five 
yeet period during which time a primary responsi- 
ility, in addition to academic research and the 
training of graduate students, will be participation 
with the Senior Chair in experimental projects in 
collaboration with industry. A five year extension 
of the chair appointment is possible. After the 
Chair appointment has expired, the individual will 
assume the responsibilities of a regular academic 
appointment. The academic appointment is 
tenure-track (or tenured if warranted). In accor- 
dance with Canadian immigration requirements, 
priority will be given to Canadian citizens and per- 
manent residents of Canada. Simon Fraser Uni- 
versity is committed to the principle of equity in 
employment and offers equal employment oppor- 
tunities to qualified applicants. Applications will be 
accepted until September 1, 1994. To apply, 
send a curriculum vitae, evidence of research 
productivity (selected reprints), and the names, 
addresses and phone numbers of three referees 
to: Arthur L. Liestman, Director, School of Com- 
puting Science, Simon Fraser University, Burn- 
aby, British Columbia, Canada, V5A 1S6. Fax: 
(604) 291-3045. 


Research Associate: $30,000.00 per year, 40 
hours per week. (1) Design and develop inte- 
pris spatial modeling systems which _com- 
ines the use of GIS, expert systems and DBMS 
in natural resource management on both UNIX 
and PC platforms. Will use skills in UNIX, MS- 
DOS, GIS packages (ARC/INFO and GRASS), 
C, CLIPS, computer networks and Oracle DBM 
to perform these duties. (2) Coordinate natural 
resource management projects of STARR Lab 
with co-operators from U.S. and Taiwan. (3) 
Organize and conduct workshops and training 
programs for resource agencies In U.S. and Tai- 
wan. (4) Supervise 2 graduate students and 2 
student workers in conducting research and ful- 
filling cooperate agreements with _ natural 
resource agencies in U.S. and Taiwan. Requires 
Ph.D. in Engineering or Computer Science and 
1) at least one degree in an Agriculture, 
orestry, or Ecology-related field; and (2) written 
and verbal proficiency in English and Chinese. 
Apply at the Texas Employment Commission, 
Bryan, Texas, or send resume to the Texas 
Employment Commission, TEC Building, Austin, 
Texas 78778, J.O. #TX6864201. Ad Paid by an 
Equal Opportunity Employer. 


Harris Professor of Computer Science, 
Florida Institute of Technology: Florida Tech 
is seeking a nationally recognized scholar and 
researcher to fill the Harris Professorship of 
Computer Science. Qualifications include an 
earned doctorate in Computer Science, Com- 
puter Engineering, or related fields, and a record 
of excellence in teaching and research. Candi- 
dates should demonstrate experience and cre- 
dentials for advanced research in a specific area 
within the discipline. Experience in government 
or industrial settings is highly desirable. The 
candidate will be expected to assume a leader- 
ship role in the development and enhancement 
of Computer Science research and teaching 
activities at Florida Tech. In addition, the candi- 
date will have unique access to the Harris Cor- 
poration and be expected to coordinate 
research and educational efforts in areas of 
mutual interest. Florida Institute of oe 
founded in 1958, is an independent and fully 
accredited technological university located on 
Florida’s space coast. Approximately 5,000 stu- 
dents are enrolled with about 3,200 students at 
the 175-acre Melbourne campus and 1,800 at 








Florida Tech’s off-campus graduate centers. 
The university has five academic units: the Col- 
ope of Engineering, the College of Science and 
Liberal Arts, the School of Aeronautics, the 
School of Business, and the School of Psychol- 
ogy. The Computer Science prourare is part of 
the Division of Electrical and Computer Science 
and Engineering in the College of Engineering. 
Salary is commensurate with experience and 
qualifications. Application package should 
include: 1) letter of application; 2) detailed cur- 
riculum vitae; and 3) a list containing the names, 
addresses, and telephone numbers of at least 
three persons who may be contacted for verbal 
and written comment. Applications and nomina- 
tions should be submitted to: Florida Institute of 
Aci al Dr. Louis A. Martin-Vega, Chair, 
Harris Professor Search Committee, College of 
Engineering, 150 W. University Blvd., Mel- 
bourne, FL 32901-6988. The appointment will 
be made during the 1994-’95 academic year. 
The screening process will begin on August 15, 
1994 and conclude when an appropriate candi- 
date has been selected. Florida Tech is an 
Equal Opportunity/Affirmative Action Employer. 


Ames _ Laboratory, Associate Mathemati- 
cian, Ames Laboratory, lowa State Univer- 
sity: The Applied Mathematical Sciences 
research program of the Ames Laboratory is 
seeking an Associate Mathematician to conduct 
advanced scientific research in the area of tran- 
sient direct and inverse scattering. The incum- 
bent will develop theoretical models and com- 
puter codes that implement those models, and 
present written and oral justification for all 
aspects of research. Position requires a Ph.D. 
in eee Mathematics, Mathematics or related 
field plus previous research experience in the 
area of direct and inverse scattering. Salary: 
$37,442 minimum. Candidates should submit 
cover letter, complete, detailed resume, plus 
the names and addresses of three references 
to: Ames Laboratory Personnel Office, 127 
Spedding Hath lowa State University, Ames, IA 
50011. Application deadline of August 15, 
1994, or until position is filled. An equal oppor- 
tunity/affirmative action employer. 


Korea University: The Department of Electron- 
ics Engineering invites applications for three fac- 
ulty positions at all levels in the areas of com- 
munications, semiconductor devices, and infor- 
mation processing. Outstanding applications in 
other areas will also be considered. All candi- 
dates must have a Ph.D. degree and strong 
research and teaching capabilities. These posi- 
tions are for the spring semester beginning 
March 1, 1995. Please send a detailed resume: 
Chairperson, Department of Electronics Engi- 
neering, Korea University, 5 Ga-1 Anam-dong 
Sungbuk-gu, 136-701, Seoul, Korea. 


Government/Industry Positions Open 


Product Manager, by August 1, 1994, Please 
Send Resume _ To: Employment Securit 

Department, E&T Division, Job # 427643-B, 
P.O. Box 9046, Olympia, WA 98507-9046. Job 
Order Number must be indicated on your 
response. Job Description: Plans, develops, 
and manages marketing activities for desktop 
publishing software. Marketing _ activities 
include product launch and continued market- 
ing support, including mass marketing and mar- 
keting to educational, small business, and non- 
profit market segments. Makes presentations to 
distributors, user groups, media, and industry 
events. Plans and defines market and technical 
requirements for new product versions and new 
products. Evaluates third party technologies for 
inclusion in future versions of consumer soft- 
ware Perea products. Develops propos- 
als and negotiates contracts for joint marketing 
efforts with third party subcontractors and ven- 
dors of coe products. Requirements: 
Master's degree in Business or Marketing; 2 
years work experience in job offered or in tech- 
nical marketing of computer, electronics, or 
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telecommunication products and making tech- 
nical presentations to high level mangers, to 
include 6 months of experience making recom- 
mendations for computer, electronics or 
telecommunication product design, and 6 
months of work experience or equivalent school 
project experience developing consumer or 
educational software applications products. 
Experience may be gained concurrently. 20 
course hours in computer science and electrical 
engineering. Must have legal authority to work 
in the United States. Job Location: Seattle area 
employer. Salary: $45,000 - $52,000 per 
annum, depending on experience. Compensa- 
tion package includes bonuses and_ stock 
options. 40 hours per week, flex time. EOE 


Sr. Elec. Engr.: Exp’d in design development 
power electronic products such as AC/DC 
power es AC/AC converters in power rat- 
ings to 100 kw. Exp. in use of microprocessors, 
switching technology, etc., in designs is 
required, along with exp. with DSP. Position 
requires some Se customer con- 
tact, personnel supervision. Education mini- 
mum BSEE. Minimum 6+ years work exp. in 
this field. Live and work on Florida’s Gulf Coast. 
Excellent opportunity. Send resume to Trilec- 
tron Industries, Inc., 12297 US 41 N, Palmetto, 
FL 34220-2504. 


Designer, Senior Analog Electronics: Per- 
manent position with growing U/S OEM supplier 
of low to medium power drivers for ultrasonic 
horns. Experience must include switching 
ower supplies, sophisticated putpotuning. low 
evel signal conditioning and magnetics. Call or 
fax: Med Tech Products, Laguna Hills, CA. Tel 
(714)768-3535, Fax (714)768-2136. 


Engineer, Performance Architecture Tools 
Specialist: Develop and implement processor 
& operating system simulation and performance 
analysis framework & methodology for 80x86 
architecture & extensions. Develop C/C++ code, 
source code management, resolve OS portabil- 
ity issues. Must have Ph.D. in C.S. or E.E. and 
advanced academic research or project back- 
ground in design methodology for VLSI design 
automation, including design representation 
framework for architectural analysis, modeling, 
microarchitecture tradeoff analysis, CAD and 
system simulation tool development, ba 
mance evaluation, and development of UNIX 
device drivers and application software. Also 
requires advanced academic background in 
ASICs development, UNIX software develop- 
ment, OS internals, ae design manage- 
ment, and C, C++, UNIX kernel. $5,508.33/mo., 
40 hrs./wk. Place of employment and interview: 
Santa Clara, CA. Send this ad and your resume 
to: Job Order #SB 38166, P.O. Box 269065, 
Sacramento, CA 95826-9065. The company is 
an equal opportunity employer and fully sup- 
ports affirmative action practices. 


A Project Director is needed in Dallas, Texas 
to implement and coordinate through support 
staff the sale of various electronic systems to 
customers. Analyze, evaluate and present infor- 
mation concerning business situations, produc- 
tion capabilities, manufacturing problems and 
design and development of pronice to be man- 
ufactured, prepare proposals of products to be 
manufactured by computer aided manufacturing 
based upon specs and transmit to home office. 
Monitor development schedules, component 
selection, prototype testing, governmental regu- 
lations, materials procurement, manufacturing 
schedules, production problems, testing and 
inspection of procedures and quality assurance. 
Review technical problems and recommends 
solutions to customers. Consult with company 
engineers in home office about quality assur- 
ance of designed products to rectify problems. 
Must have a Bachelor's Degree in Engineering 
or equivalent. Must have two years experience 
in job offered, and two years experience as a 
Project Manager of product development. Must 
submit c.v. Must be fluent in Chinese language 
which is required 100% of the time with Hong 
Kong or China plants. Within two years, must 
have experience in systems engineering, manu- 
facturing engineering, operations management 
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and quality assurance systems. Apply at the 
Texas Employment Commission, Dallas, Texas, 
or send resume to the Texas Employment Com- 
mission, TEC Sue, Austin, Texas 78778, 
J.O. #TX6886424. Ad Paid by An Equal Oppor- 
tunity Employer. 


eee Software Engineer: Analyzing 
and developing software codes for Programma- 
ble Logic Controllers, Variable Frequency and 
vector controlled AC drives and DC servo drives. 
Designing, developing and a control 
systems for automated manufacturing 
processes. Operating and working with Autocad 
and expanding its library. Use of SYSTEX, ECC, 
C, VISUAL BASIC, Microsoft Excel and various 
other customized language libraries. System 
design also includes drive sizing, speed and 
aera! control for customer’s motion profile. 
‘eq’d Bachelors Degree in Electrical Engineer- 
ing with 4 mos. exp. in the job or 4 mos. exp. in 
related occupation such as Graduate Research 
Assistant. Also req'd related experience in the 
area of design and analysis of controllers for 
tracking. Must have experience in C. Graduate 
level courses one each in: Introduction to 
Robotic Systems; Numerical Analysis; Optimiza- 
tion Methods for Systems Control; Lumped Sys- 
tem Theory. Thesis in the area of design of a 
controller for smooth ee tracking. 40 hrs/wk 
8:00 am - 5:00 pm. $36,000/yr. Send resume to 
7310 Woodward Ave., Rm. 415, Detroit, MI 
48202, Ref.#28294. “Employer Paid Ad”. 


Senior Staff Engineer for so. central Ohio mfr. 
Responsible for design of laser positionin 

devices for construction layout & industrial 
measurement. Function as systems engineer 
on software, electronic system nodules, related 
accessories. Product development work from 
initial concept through production. MS/EE or 
MS/CE. Six yrs. exp. which must have entailed 
primary emphasis on microprocessor electron- 
ics & software & have involved: design of laser 
positioning devices for construction layout, sur- 
veying & industrial measurement; integrating 
electronic & software modules into complete 
systems & accurate measuring devices; & hard- 
ware Pees from initial concept design 


through product production, relating to con- 
struction Sa surveying & industrial mea- 
surement. [n lieu of MS/EE or MS/CE, will 


accept an additional 4 yrs. of exp. as an electri- 
cal or civil engineer, provided candidate pos- 
sesses 6 a of exp. as described above. 8am- 
5pm. $65,741/yr. Must have proof of legal 
authority to work indefinitely in U.S. Send 
resume in duplicate (no calls): K. Shockey, 
JO#00365, Ohio Bureau of Employment Ser- 
vices, P.O. Box 1618, Columbus, OH 43216. 


Electronic Engineer: Hands on RF and analog 
circuit design in the 2-100 Mhz range for 
video/communications applications. Require 
RF circuit board design experience. Familiarity 
with digital signal processing techniques and 
systems analysis software a plus. 

Senior Electronic Engineer: Over 5 years expe- 
rience in digital circuit design and microprocessor 
interfacing. Assembly language, Ethernet proto- 
col and CAD/CAE experience desirable. Unique 
opportunity to join rapidly growing, paradigm- 
busting startup. Resumes to John Artman, 
Elcom Technologies Corp., 5 Great Valley 
Parkway, Suite 356, Malvern, PA 19355. 


Senior Experimental Engineer/Wireless 
Communications Analyst: 40 hours/week, 8 
a.m. - 5 p.m.; $42,500/year; overtime as needed, 
not compensated. Job requires either: 1) Mas- 
ter's degree in Electrical Engineering and 1 year 
experience as an Electronic Systems Design 
Engineer or 2) Bachelor’s degree in Electrical 
Engineering and 2 i experience as an Elec- 
tronic Systems Design Engineer. Job also 
requires: 1) Experience must include 6 months 
experience designing and developing digital and 
mixed ripe Application Specific Integrated Cir- 
cuitry (ASIC); 2) Experience must include 1 year 
experience developing automotive communica- 
tions interface electronics; 3) Experience must 
include 1 year experience testing vehicle com- 
munication protocols for automotive applications 
implemented by U.S., European and Asian auto- 





motive manufacturers; 4) Experience must 
include 1 year experience participating with the 
Society of Automotive Engineers’ SAE J1850 
Multiplex Systems Committees; and 5) Experi- 
ence must include 1 year experience optimizing 
electronic design to fit small lightweight enclo- 
sures. These experience requirements may be 
met currently during the same 1 year period. Job 
duties: Perform research in emergency radio fre- 
quency technologies for use in hand-held auto- 
motive test equipment. Conduct research in and 
perform analysis of noise, electromagnetic sus- 
ceptibility, and radiated emissions in vehicle ser- 
vice center environments. Perform feasibility 
studies for equipping vehicle diagnostic equip- 
ment with radio frequency capabilities. Deter- 
mine technical implementation ee and 
cost performance analysis to equip vehicle ser- 
vice center environments with radio frequency 
communication systems which are applicable for 
vehicle service repair processes. Research com- 
mon local area network solutions which would be 
applicable for North America, the European 
Community, and Eastern Europe. Coordinate 
electromagnetic compatibility certification for 
portable vehicle diagnostic test tool in the world 
market. Design and test prototype power circuitry 
using ASIC. May exercise technical discretion 
over a small group of engineers and technicians. 
Qualified eee should send resume and 
verification of requirements to: 7310 Woodward, 
Room 415, Detroit, Ml 48202. Ref. #7794. An 
Equal Opportunity Employer. Employer Paid Ad. 


EE Digital Communications: R&D Position - 
Florida. Motorola's Paging Products Group has 
an immediate opening for an experienced EE 
Digital Communications Technologist to work at 
our Boynton Beach, Florida location. Qualified 
candidate will possess a M.S. or Ph.D and 4-6 
years experience in digital communications 
technology R&D, with emphases on digital 
modulation and Error Correcting Coding in 
mobile RF environment. Knowledge of hard- 
ware implementation issues, trade offs in digital 
modulations, RF digital communications sys- 
tems and computer simulation tools are essen- 
tial. For confidential consideration, please send 
resume to: Motorola Paging Products Group, 
Attn: Staffing Office, 1500 Gateway Bivd., 
Boynton Beach, FL 33426. An equal opportu- 
nity/affirmative action employer. We encourage 
mune female, and disabled candidates to 
apply. No phone calls please! 


Senior Research Software Engineer needed to 
lead all ORM research within the company, includ- 
in Hace & developing architecture for new 
GUI ORM CASE tools; prototyping new aspects of 
ORM CASE tools; research & development of 
new algorithms, processes & 26 i rag for use in 
ORM tools; presenting research results in interna- 
tionally referred journals & at internationally refer- 
eed conferences; and developing patents on 
ORM research. Requires: Bachelor's Degree in 
rere Science with minimum of 20 semester 
(or 30 quarter) credit hours in ORM/NIAM method- 
ology; 1 year research & development of GUI 
ORM/NIAM CASE tools; and publications on 
ORM/NIAM methodology presented at interna- 
tionally refereed conferences or in internationally 
refereed journals. Resume/cover letter must 
reflect all requirements. Salary: $49,500.00/yr; 40 
hours/week in Bellevue, WA. Send resume by 
August 1st, to: Job Order #427069, Employment 
Security Dept., E&T Div., PO Box 9046, Olympia, 
WA 98507-9046. EOE 


Engineer, CAD: Dev formal verif tools for VLSI 
circuit & sys dsgn; dev & maintain CAD sys incl 
tech map for special cells & identify special 
constructs from HDL. PhD in EE, Comp Eng or 
Comp Sci reqd. $4833.83/mo. 40 hr/wk. Knig of 
VLSI logic synth, formal verif, Binary Decision 
Diagrams, complrs, SIS (logic synth sys), Unix 
& C reqd. Job site/intrv: San Jose, CA. Send ad 
& resume to: IEEE Spectrum, Box 7-1, 345 East 
47th St., New York, NY 10017. 


Mfg’s sales and svc office in Central OH 
seeking technical srv eng to install, trou- 
bleshoot and sve full line of fixed column and 
fixed bed precise computer numeric controlled 
machine equip; ensure proper on-site installa- 
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tion; train customer personnel (including other 
eng and tech support personnel); complete 
modifications to machinery, mechanics, elec- 
tronics, and tooling to customer specs; super- 
vise installation and svc of high precision 
milling, drilling and boring machinery; review 
and approve contracts with regard to design 
and construction safety specs; negotiate and 
coordinate client acceptance tests for precision 
fixed column and fixed bed machining centers; 
de-bug, repair and commission equipment; 
respond to technical inquiries from customers’ 
engineering staff. Req Assoc Degree or two 
years of study in electrical or electronic engi- 
neering tech and 4 years of training, which 
must include instruction in all aspects of fixed 
column and fixed bed precise computer 
numeric controlled mach ape or, in lieu of 
training, 5 years exp on fixed column and fixed 
bed precise computer numeric controlled 
machine equip and willing to undergo add'l 
training at employer’s mfg facility in Eng for 3 
months. Must be willing to travel 90% of the 
time throughout N Amer. No exp req 40 hrs/wk, 
8:00-5:00, M-F, $44,100/yr. Must have proof of 
legal auth to work perm in U.S. Send resume in 
duplicate (no cals} 0 K. Shockey, Job# 00135, 
Ohio Bureau of Employment Services, P.O. 
Box 1618, Columbus, OH 43216. 


Electrical engineer-design engineering 
department: Minimum masters degree in elec- 
trical engineering plus two years experience in 
similar position required. Duties include the 
design and development from concept to com- 
pletion of hybrid ballasts and electromagnetic 
transformers for fluorescent and neon lighting 
applications utilizing a combination of magnetic 
and micro-processor based electronic circuit 
design; production engineering of the forego- 
ing with regard to manufacturing, costs and 
customer acceptance; use of software applica- 
tions to test and analyze circuits, conduct life 
and reliability tests under different environmen- 
tal conditions; obtaining regulatory agency 
approval of ballasts and transformers; and rec- 
ommendation of suggested projects and analy- 
sis of competitive pores in the transformer 
field. Knowledge of and minimum two years of 
experience with SPICE, PCB, FORTRAN and 
computer aided test equipment including digital 
oscilloscopes, power analyzers, light chro- 
matometers and spectrum analyzers essential. 
Excellent oral and written communications skill 
essential. Company is located in Mendenhall, 
Mississippi. U.S. citizenship or permanent res- 
idency required. Salary: $40,115 per year. 
Work week: Monday-Friday, 8:00 a.m. to 4:30 
p.m.. Total work hours: 40 per week. Interested 
applicants should contact the Mississippi 

mployment Service, P.O. Box 511, 1016 Car- 
roll Drive, Hazlehurst, MS 39083-0511. Job 
service #MS2684537. 


Software Design Engineer: By August 1, 
1994, please send resume to: Employment 
Security Department, E&T Division, Job # 
430742-F, P.O. Box 9046, Olympia, WA 98507- 
9046. Job Order Number must be indicated on 
your response. Job Description: Designs, 
implements and tests software for micro com- 
puters following standard procedures. Designs 
and implements authoring tools, graphical user 
interface, and other modules for multimedia 
applications .and titles, utilizing “C” language 
and Windows operating system. Requirements: 
Bachelor's degree in Electrical Engineering, 
Computer Science, Mathematics or Physics; 6 
months work or minimum of semester long or 
equivalent school thesis project experience in 
orogramming or computer software design uti- 
izing “C” language to run on Microsoft Windows 
operating system; and design or implementa- 
tion of hypertext or multimedia software appli- 
cations to run on Microsoft windows operating 
system. Experience may be gained concur- 
rently. Must have legal authority to work in the 
United States. Job Location: Seattle Area 
Employer. Salary: $37,500 - $46,500 per 
annum, depending on experience. Compensa- 
tion package includes bonuses and_ stock 
options. 40 hours per week, flex time. EOE 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


Engineer, Process Development: Dev. 0.2 
micron CMOS device & tech.; comp.-aided 
device charctrztn.; CAD simul. tool applic. PhD 
or foreign degree equiv. in EE, Comp. Eng. or 
Comp. Sci.; + 1 yr. exp. in job offrd. or in 
Research eo reqd. $5000/mo. 40 hr./wk. Exp. 
with CMOS device physic, charcterztn. & mold- 
ing. (SOI, low el BSIM), and submicron 
CMOS device reliability. (oxide & hot carrier 
issue) reqd. Knlg. of VLSI tech., proc. & cirkit, 
and CAD tool eee PISCES, SPICE, 
BERT) reqd. Job site/intrv.: San Jose, CA. 
Send ad & resume to IEEE Spectrum, Box 7-2, 
345 East 47th St., New York, NY 10017. EOE. 


Project Engineer: To audit and evaluate 
client manufacturing systems to determine 
degree of conformity with specific ISO require- 
ments; to determine the effectiveness of the 
client’s implemented quality control system in 
pAb! Bae ISO requirements. Extensive 
overnight travel required. In addition to five 
years’ experience in engineering software 
quality assurance, applicants must have 
earned the Bachelor's degree in engineering, 
be a registered professional engineer, and 
achieved membership in a recognized profes- 
sional quality assurance organization. 40 
hours er week; $45,000 per year. Job Num- 
ber NC 3033239, DOT code 019.167-014. 
Qualified applicants should send letters of 
application, resume with social security num- 
ber, Foes: copies of appropriate certifi- 
cates, and the names of three persons who 
can attest to their professional ability to Job 
Service, 105 Briggs Avenue, Durham, North 
Carolina 27703 or nearest Job Service office. 


Product Research and Development Engi- 
neer accel to perform industrial product 
research and development related to next 
generation induction motor drive control sys- 
tems for automotive vehicle applications. 
Responsibilities include following in relation 
with said applications: High performance 
eset and optimal) control algorithm design; 
nalysis, modeling and simulation; Develop- 
ment of electronic/computerized simulators, 
and controller development, integration, and 
testing. 40 hours per week; 8:00 am to 4:30 
pm; $61,000 per annum. Job in Detroit, Michi- 
an area. Require: PhD in Electrical Engineer- 
ing and 2 years rece as Development 
ee or equivalent industrial experience. 
Ph.D. thesis in advanced control systems. The 
theoretical and practical competence must 
also be evidenced by several refereed publi- 
cations in the areas of optimal/robust control 
theory, and its application (including physical 
implementation) to induction motor drive sys- 
tems. The required experience must be in 
automotive industry and include: (1) analysis, 
simulation, operation, control algorithm devel- 
opment and testing of induction motor drive 
systems for automotive propulsion; (2) design 
and development of electronic circuits and 
systems; and (3) expertise in control design 
and simulation with “Matrix-X” software pack- 
age. Send resume to 7310 Woodward 
Avenue, Room 415, Detroit, Michigan 48202. 
Reference No. 43794. Proof of legal right to 
ee an in the U.S. will be required. 
mployer paid ad. 


Independent Consulting Engineers: We are a 
privately-owned Marketing and Engineering Con- 
sulting Company seeking individuals worldwide 
with BS in Electrical Engineering or higher with ten 
years of industrial experience in the areas of 
power system analysis, design, EMS systems, 
and electrical machine design. Computer pro- 
gramming languages and excellent communica- 
tion skills are a must. We have an extensive train- 
ing program. Travel expenses, accommodation, 
and medical care will be provided to the overseas 
consultants on board for training by the company. 
If you meet above requirements, please forward 
our resume to: Dr. Ashok Agarwal, Managing 
irector, AGR Associates (Marketing/Travel/Engi- 
neering consultants), P.O. Box 1844, Upland, CA 
91785, USA. 





Announcing a new IEEE 
Videoconference 


MAXIMIZING 


|PRODUCTIVITY: | 


Redesigning 
The 
Engineer 


And Designing 
For Maintainability 


Wednesday, December 7, 1994 
12:00 - 3:00 pm ET 


This program 
will help engineers... 


Take a broader perspec- 
tive of process steps and 
concerns which will 
bring about reductions 
in cycle time 


Eliminate the “Not- 
Invented-Here” syn 
drome by planning for, 
implementing an 
adopting the reuse of 
existing designs 


Continuously engage in 
process improvement 


Improve the personal 
skills expected of the 
engineer 


Available at per person 
prices to $100 and 
site prices to $1800. 
Volume discounts available 


Contact IEEE 
Educational Activities 
for more information 
Dr. Robert Kahrmann 

908 562-5491 

fax 908 981-1686 


email: r.kahrmann@ieee.org 
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IEEE Announces tts New Plan For Conference Proceedings... 
The NEW 1994 TEEE 





Prepaid Order Plan (POP) Plus: 


he 130 major IEEE conferences held in 1994 (the standard POP Plan) plus about 


70 new conferences, workshops, and symposia in rapidly-emerging technologies 
also held in 1994 and previously not included in any Plan — for $13,975. POP Plus pro- 
vides — for the first time — all proceedings of IEEE-supported conferences held in 1994. 





Also Available... Subscribers to both plans receive: 


The 199 4 IEEE @ about a 40% savings off the total list 









price of the conference proceedings. 
Prepaid Order Plan @ a quarterly listing of the conference 
(POP) To order, or for more information contact: 
Robert S. Hohwald 


proceedings they should have received. 
ice) 908-562-3999 
About 130 major IEEE conferences ae, 





(fax) 908-981-8062 
held in 1994 — for $9,995! This is (e-mail) INTERNET: hohwald@ieee.org 
the standard plan libraries have The Institute of Electrical and Electronics Engineers, Inc. 
° 445 Hoes Lane, P.O. Box 1331 
received for decades. 


Piscataway, NJ 08855-1331 U.S.A. 





RAINES ELECTROMAGNETICS 
Consulting Since 1972 
* On Site Measurements of Electric and Magnetic Fields 


* Design, Analysis, and Numerical Simulation of 
Electromagnetic Radiating and Scattering Systems. 


* Applications to Telecommunications, Radar, Radio & Television 
Broadcasting, Power Lines, and Architectural Shielding. 





Jeremy K. Raines, Ph.D., P.E. (301) 279-2972 





CONTROL SYSTEM CONSULTING 

¢ Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

¢ Electrical, mechanical, hydraulic 

¢ Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 


Danbury, Conn. 06811 (203) 743-7002 










IRA J. PITEL, Ph.D. 
Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 
MAGNA-POWER ELECTRONICS, INC. 
135 Route 10 Whippany, NJ 07981 

201) 428-1197 Fax (201 





LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversity Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 













International Compliance Corporation 
Design, Test, & Consulting 


© FCC Certification/Verification 
* CISPR, Immunity, CE Marking 
* Product Safety: UL, CSA, IEC 


Dallas, TX Mm Austin, TX 


1911 E. Jeter Rd (817) 491-3696: tel 
Argyle, TX 76226-9401 (817) 491-3699: fax 





INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

* Applications Engineering 
* Design, Fabrication and Evaluation 
* Critical Analysis of Technology 
¢ Troubleshooting 
© Marketing 


R.A. Becker, D. Sc. 
10482 Chisholm Ave. 


President 
(408) 446-9812 Cupertino, CA 95014 



















Sywcuro Desien Inc. 
DESIGN OF MIXED-SIGNAL INTEGRATED CIRCUITS 
ENGINEERING SYSTEM INTERFACE THROUGH SILICON 
SPECIALIZING IN HIGH DYNAMIC-RANGE APPLICATIONS 
* ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS. 
* SWITCHED-CAPACITOR FILTERS 
¢ BUFFER AMPLIFIERS * PHASE-LOCK LOOPS 
* LOW-VOLTAGE ANALOG-CMOS CIRCUITS 
Contact: Daniel Senderowicz, Ph.D. 

2140 Shattuck Avenue, Suite 605 Phone: (510) 486-0797 
Berkeley, California 94704-1210 — E-mail: daniel\@synchrods.com 
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Patent Attorney 
Robert E. Malm, Ph.D. (M.LT.) 


Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (310) 459-8728 
Fax: (310) 573-1781 





Richard W. Brounley, P.E. 
RF ENGINEERING CONSULTANT 
Specializing in the design of solid state 
RF transmitters and associated circuits 
¢ Complete RF laboratory facilities » 
¢ Prototype Development ¢ Pilot production runs ¢ 
¢ Production follow-up 
7381 114 Ave. N., Unit 410 
Largo, FL 34643 
(813) 546-9371 


CONSULTING & PROTOTYPES 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS JAMES R. HENDERSHOT 
100 Homestead Ave. TEL: 513-393-9835 
HILLSBORO, OH 45133 FAX: 513-393-9836 














Princeton Electro-Technology, Inc. 


MAGNETIC CIRCUIT 


DESIGN & PROTOTYPE DEVELOPMENT 
MOTORS, ACTUATORS, SENSORS & MAGNETS 


Peter Campbell, Ph.D., M.A., President 
7300 W. Camino Real, Suite 131 Tel: (407)361 0773 
Boca Raton, Florida 33433 Fax: (407)361-0877 





















McGlew & Tuttle, P.C. 


PATENT, TRADEMARK, COPYRIGHT LAW SINCE 1960 


PATENT AND TRADEMARK PROSECUTION 
FEDERAL LITIGATION 


TEL: 914 941 5600 
FAX: 914 941 5855 


PATENT ATTORNEY 


JAPAN 
TAKADA & ASSOCIATES 
Specialty: electrical, electronic, 

telecommunications, mechanical, 
trademark, and servicemark cases 
Hanabusa Bldg., 12-6 Minamiaoyama 5-chome 
Minato-ku, TOKYO, JAPAN 
Fax: (03) 5485-9147 Phone: (03) 5485- 





PATENT SERVICES 


computer and electronic arts 


Philip O. Post 


Patent, Trademark and Copyright Law 
Phone: (800) 435-0353 
FAX: (609) 667-7673 


call for brochure of services 


TALBOT TECHNOLOGY Corp. 


T-TECH. Dan Talbot 


President 


CONSULTING IN: 

+ ELECTRONICS FoR FIBEROPTICS 

+ ANALOG/RF/VIDEO/PLL or DDS FREQ. SYNTHESIS DESIGN 
* Custom ANALOG OR MIxED ASIC Desicn 


P.O. Box 151, Hupson, MA 01749 PHONE: 508-562-5820 Fax: 508-568-1219 


KIERNAN ENGINEERING 
Electrical, Electronic, and Electro-mechanical Parts Engineering 


Parts Selection and Documentation 
Program Parts List Preparation and Review 


Parts Control Program Documenation 


Gerard F. Kiernan, P.E. 
5309 Riverdale Road, Ste. 725 
Riverdale, MD 20737 


Tel: 301-779-7073 
Fax: 301-779-7162 





MACHINE VISION CONSULTING 


¢ System Integration and Test 
¢ Electro-Optical Design 

¢ Software Engineering 

e Electronic Design 

¢ Automatic Inspection and Metrology 


Eutecnics Inc. 
30 Nagog Park 
Action, MA 01720 





























Ph: (508) 263-9998 
Fax (508) 263-9942 





Ret 


DESIGN CONSULTATION AND DEVELOPMENT 
* Superconducting VAR Compensators 

* Magnetic Levitation/MAGLEV 

* Linear Propulsion Motors 

* Magnetic Metals Separation 

¢ Electromagnetic Mass Launchers 

¢ Superconducting Generators 


15306-A Diamond Cove Terrace Tel: (301) 869-8700 
Rockville, MD 20850 FAX: (301) 869-6220 

















MOTOR DESIGN 
*DC & AC motors (fractional & multi H.P.) ° 
Computer modelling (F.E.A.) * Prototyping and test- 
ing Technical seminars * Motion control « Magnetic 
devices * Magnet charging * Solenoids * Actuators « 


G’ CONSULTING 
Services since 1987 


GEORGE P. GOGUE, Ph.D. 
16985 S.W. Kemmer Road, Beaverton, Oregon 97007 
Phone: (503) 590-9014 Fax : (503) 590-9015 





European Patent Attorney 
ing. Umberto MONTI 
Via Washington 48 
1-20146 Milano Italy 
Tel (39.2) 4985057 Fax (39.2) 4817645 


Filing & prosecution of European and 
national patent applications 





INDUSTRIAL CONTROL ENGINEERING 


CUSTOM MICROPROCESSOR APPLICATIONS 
DESIGN AND DEVELOPMENT 


« Instrumentation 
+ Rapid-Prototyping 
* Control Software 


+ Machine Tool Controls 


+ Process Controls 
* Medical Electronics 


Wintriss Engineering Corporation 
6342 Ferris Square, San Diego, CA 92121 


800 733-8089 
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Neural Networks for Control 
and Systems 

K. Warwick, G. Irwin.and K. Hunt (Eds) 
The aim of this book is to provide an introduction 
to, and overview of, the present state of neural 
network research and development with particular 


reference to systems and control application studies. 
260 pp., 229 x 148mm, Casebound 
ISBN: 0 86341 279 3 - 1992 Control Series #46 


Algorithmic and Knowledge- 
Based CAD for VLSI $72.00 


G.E. Taylor and G. Russell (Eds) 

The aim of this book is to sample 
the present state-of-the-art in CAD 
for VLSI and cover newly developed algorithms and 


applications of techniques from the AI community. 
288 pp., 229 x 148mm, Casebound 
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GORDON RUSSELL 
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Second International Conference 
Held November 18 - 20, 1991 at Bournemouth 
International Centre, UK 


383pp., 72 papers, 297 x 210mm, Softcover 
ISBN: 0 85296 653 11 - 1991 IEE Conference #349 


Applied Artificial Intelligence $104.00 
K. Warwick (Ed) 

This book provides an introduction to the selection 
and application of artificial intelligence tools. 


240 pp., 229 x 148mm, Casebound 
ISBN: 0 86341 245 9 - 1991 Computing Series #19 
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The Institute 


Canada to link Sections 


IEEE Canada has been awarded a C $85 000 
grant to link all 23 of its Sections elec- 
tronically. The goal of what is to be called 
IEEE Canada Electronic Services is to deli- 
ver those services quickly and uniformly 
throughout Region 7. Tasks include: 

* Developing two-way e-mail/fax communi- 
cations to distribute electronic newsletters 
and information to all members. 

* Creating a database of members and com- 
pany profiles that can be accessed by phone 
and connected to local computers. 

* Developing a seamless connection to the 
main IEEE server and such other Internet 
services as Ask*IEEE and assorted data- 
bases and libraries. 

The grant was awarded by the Canadian 
Network for the Advancement of Research, 
Industry, and Education. It will be used partly 
to buy a server and communications hard- 
ware and software and partly to pay three 
part-time computer specialists and train vol- 
unteers to work with them. The National 
Research Council and Bell-Northern Re- 
search in Ottawa will supply the volunteers. 

The project is a joint development be- 
tween IEEE Canada (Jacek Chrostowski is 
the Chapter/e-mail coordinator) and the 
Multimedia Communications Laboratory of 
the University of Ottawa, which is headed by 
dean of engineering Nicholas D. Georganas. 


Tinet issues first reports 


The July issue of the IEEE newspaper, THE 
INSTITUTE, has published the first reports 
from TInet, the Institute network of corre- 
spondents around the world. These are 
IEEE members and THE INSTITUTE (and 
IEEE Spectrum) readers desirous of trying 
their hand at writing. About 30 answered 
the call earlier this year for people with a 
“nose for news” who would donate their 
time and knowledge to report on projects 
within their Regions. 

TInet is growing and could use still more 
volunteers. If you’d like to write anything 
from one-paragraph-long “news notes” on 
up to long “think” pieces, contact Kenneth 





Traveling the information highway 


The IEEE is anxious to help those of its members 
who are beginning to navigate the Internet, and 
who hope to gain access to the network's huge 
hoards of information, as well as communicate 
with other members. 

e Fora list of text files about the IEEE’s information 
highway, send a message to info.email@ieee.org. 
e For a text version of the Institute’s eight-page e- 
mail guide, send a message to email.quide@ieee.org. 








Moore, THE INSTITUTE’s editor in chief. He 
can be reached at: 

THE INSTITUTE 

IEEE Operations Center 

445 Hoes Lane 

Piscataway, NJ, USA 08855-1331 

Fax: 908-562-1745 

E-mail: institut@ieee.org 





Coming 
in Spectrum 


RECYCLABLE DESIGN. The recycling move- 
ment is affecting electronics, starting right 
at the design stage and involving govern- 
ment, too. The first of two articles examines 
how three consumer products were trans- 
formed into components for resale and 
scrap for reprocessing. Designers will learn 
what they can do to make their products 
easier to recycle. 

The other article considers the status 
worldwide of legislation requiring old equip- 
ment to be taken back by its makers. Here 
Germany’s laws are perhaps the most ad- 
vanced, the United States is lagging, and other 
countries have yet to deal with the matter. 
SUBMERSIBLE VEHICLES. Autonomous un- 
derwater vehicles (AUVs) are on the verge 
of careers in marine sciences, the offshore oil 
industry, and the military. Swimming free 
and untethered, they could map the ocean 
bottom under the ice caps, inspect undersea 
structures, and recognize and help neutralize 
explosive sea mines. This staff-written re- 
port reviews the challenge of endowing the 
vehicles with useful intelligence, as well as 
the progress of several ambitious projects. 
SURFACE-EMITTING LASER. By emitting light 
from its surface rather than its edge, a new 
type of laser chip heralds two-dimensional 
arrays of great power and density—and can 
be integrated with other optical elements. 
Engineering hurdles remain, but according 
to researchers at Sandia National Labora- 
tory, applications might include optical-fiber 
communications, printing and scanning, and 
two-dimensional image recognition. 
MECHATRONICS NOW. Scarcely more than a 
decade old, mechatronics—in which mechan- 
ical and electronic components are tightly 
coupled, at times on the same semiconductor 
substrate—is moving from aerospace tech- 
nology into the mainstream of automotive en- 
gineering. It is even popping up in under- 
graduate curricula. Find out why this 
discipline, which had its origins in Japan, is 
now catching on in many parts of the world. 
FIELD-PROGRAMMABLE GATE ARRAYS. Logic 
that efficiently aids microprocessors in ma- 
nipulating and transporting data was once 
designed with application-specific ICs. Now 
it can be fabricated more easily with field- 
programmable gate arrays, if they have the 
right internal logic structures. 
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COREL ORAW/ 


The Bestin Graphics and Publishing 


LPT 


@ CorelDRAW 5 





combines the graphics power of CorelDRAW and the advanced 
publishing capabilities of within an integrated user interface. With a 
revolutionary new color management system, major performance gains and 
hundreds of improvements, CorelDRAW 5 retains the ease of use for which Corel is 
renowned. From short design-intensive documents to long text-intensive 
publications, CorelDRAW 5 provides the ideal tool for illustration, publishing, 
photo-editing, presentations, charting and animation. 
Complete with six fully-featured applications and a host of 
useful utilities, including an internal PostScript interpreter, 
CorelDRAW 5 is the most exciting value-packed graphics 
and publishing software available! 
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Three views of the surface height of a penny. MATLAB's multiple representations of data allow students 
to focus on the relationships between data and variables rather than on the underlying computation. 
Data courtesy of NIST. 


Add it all up- 
nothing else equals 
MATLAB for 
technical education. 


teaching tool, MATLAB is an easy 


High-performance numeric 
computation. 


to use, interactive, technical MATLAB puts over 500 math, 


computing environment that helps scientific, and engineering 
students focus on learning rather 


than computation. MATLAB is 


functions at your fingertips. 

MATLAB is rooted in matrix math, 
used in areas such as mathematics, _so it enables you to quickly and 
electrical engineering, control easily crunch huge data sets and 


theory, linear algebra, geophysics, evaluate complex models. 


and signal processing. 


Stunning 3-D graphics for 


data visualization. 


Handle Graphics™, MATLAB’s 
object-oriented graphics 
architecture, provides you with 
advanced 3-D visualization tools to 


interactively analyze, transform, 





and get to the essence of your data 
Visualization of a spherical harmonic function, 


created with the new Symbolic Math Toolbox. and computations. 


112.01 


A simple, powerful, open 
programming environment. 

As a programming platform, 
MATLAB enables you to write an 
application program in a fraction of 
the time it would take with Fortran, 
Basic or C — with much more ease 


of use and built-in functionality. 


MATLAB gives you access to much 
of its underlying mathematical 


source code. Inspect algorithms, 


change existing functions, even add 


your own functions to tailor 
MATLAB to meet your needs, 


Leading-edge toolboxes 

give students a bead start. 
MATLAB toolboxes are the 
products of world-class research in 
engineering and science. Easily 
combined and customized, tool- 
boxes provide comprehensive 


collections of MATLAB functions 


for specialized application areas. 






MATLAB-based 
textbooks make 

it easier to 
incorporate 
MATLAB into 
your curriculum. 


MATLAB toolboxes include: 


* Signal Processing 

© System Identification 

© Optimization 

* Neural Networks 

* Spline 

* Control System 

* Robust Control 

¢ u-Analysis and Synthesis 
¢ Image Processing 

© Statistics 

° Symbolic Math 

* Nonlinear Control Design 


New Partner Series toolboxes also 
available. Contact The MathWorks 


for more information. 
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Educational Resources — 
for MATLAB 


¢ Educational Discounts 


Available to faculty and 
students at degree-granting 
institutions 


° Site Licensing 
For central access to MATLAB 
in UNIX Workstation environ- 
ments for teaching or research 


® The Classroom Kit 
Targeted for a PC/Macintosh 
teaching lab, a cost-effective 
way to integrate MATLAB and 
application toolboxes into your 
curriculum 


© MATLAB-based Textbooks 


Dozens of engineering textbooks 
using MATLAB as the learning 
and problem-solving tool 


¢ The Student Edition 


A matrix size limited version of 
MATLAB that provides students 
access to MATLAB on their own 
personal computers 


More than theory. 

Used by more than 150,000 users 
worldwide, MATLAB bridges the 
gap between the professional and 
academic worlds. Students who use 
MATLAB in the classroom become 
familiar with a tool they will use 


throughout their careers. 


To learn how MATLAB can meet 
your technical educational needs, 


call today: 
508/653-1415 


The 


MATH 
WORKS 
> 


24 Prime Park Way/Natick, MA 01760 
Tel: 508/653-1415 Fax: 508/653-6284 
Email info@mathworks.com 
Mosiac: http://www.mathworks.com 
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For Belgium, British Isles, Luxembourg, and The Netherlands cal 
Cambridge Control, Ltd: +44-223-423-200 or Ropid Dato, Ltd: +44-903-821-266 


MATLAB is a registered trademark and Handle Graphics a 
trademark of The MathWorks, Inc 





